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ABSTRACT 

This report covers the work of the Physical Oceanography and Water 
Column Geochemistry (POWCG) Studies Group of the Subseabed Disposal 
Project (SDP) from October 1984 to termination of the project in May 
1986. The overview of the work includes an introduction, general 
descriptions of the activities, and a summary. Detailed discussions 
are included as appendices. During the period of this report the 
POWCG Studies Group held a meeting to develop a long-term research 
plan for the Nares Abyssal Plain, which was recently designated as a 
study area for the Environmental Study Group of the SDP. The POWCG 
Studies Group has also planned and participated in two interdisci- 
plinary oceanographic missions to the Nares which have resulted in 
the acquisition of data and samples which can be used to begin to 
understand the workings of the ecosystem at the site, and for 
developing a preliminary site assessment. 
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SUBSEABED DISPOSAL PROJECT ANNUAL REPORT, 
FY85 TO TERMINATION OF PROJECT: PHYSICAL OCEANOGRAPHY AND 

WATER COLUMN GEOCHEMISTRY STUDIES 
OCTOBER 1984 THROUGH MAY 1986 

Introduction 

This is the report of the Physical Oceanography and Water column 
Geochemistry (POWCG) Studies Group of the Subseabed Disposal Project 
(SDP) for FY85 (October 1984 through September 1985) to termination 
of the POWCG contractors' work in May 1986. 

During the period of this report the POWCG has 

Analyzed samples and data collected during the Nares I 
Mission to the Nares Abyssal Plain (Figure 1) 

Held a planning meeting to develop a six-year research plan 
for the Nares Abyssal Plain 

Planned and staged a second interdisciplinary (physical 

oceanography, water column geochemistry, environmental 

modeling, and biology) mission (November 1985) to the Nares 

Abyssal Plain (current meter results are discussed in 

Appendix E and radon results in Appendix HI. 

The POWCG Studies Group, the Biological Oceanography (BO) Group, 
and the Environmental Modeling (EM) Group comprise the Environmental 
Studies Group, whose area of responsibility is the environmental 
characterization of the world's oceans as they relate to subseabed 
disposal. 

The three components of the Environmental Studies Group work 
together to provide data required to assess radiological impact of 
seabed disposal on the ecosystem in general and on human beings in 
particular. A functioning subseabed repository could have 
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Figure 1. Location map of the second interdisciplinary mission to 
the Nares (depths in meters) 
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radiological impact on the ecosystem in a number of ways. Even a 

repository that completely satisfies all its performance criteria 
could eventually release small amounts of radioactive material into 
the surrounding Ocean environment. Moreover, a few waste canisters 

could be improperly emplaced or the hole over an emplaced canister 
might not close properly. 
canister or a transport ship could result in leakage from canisters 
lying on the deep seafloor (It is assumed economically feasible to 
remove canisters accidentally placed in shallow water). 

these cases, the environment would be affected through seawater 
contamination. 

A low-probability accident involving a 

In each of 

The EM Group is responsible for developing ocean transport 
models to reliably predict the impact of releases on the environment 
and humans. 
contribute to model development and validation, and which provide 
necessary information for characterizing potential sites. 

and BO groups also study, or promote the study of, important 
processes that control movement of bottom-source tracers back to 
humans: the objective is to obtain a sufficiently complete 
understanding of the physics, chemistry, and biology of these 

processes to be able to determine under what circumstances they 
should be included in our ocean transport models and site 
characterizations. An example of a complex of such processes is the 
transport characteristics of deep western boundary currents and 
their exchange with the ocean interior. Such currents could provide 

a potential avenue for rapid transport to the deeply mixed waters of 

the Antarctic ocean. 

The POWCG and BO groups provide basic data that 

The POWCG 

The ocean transport models are for the most part up and running 
in their basic versions, and more advanced versions are being 
developed. 
selected to validate the models. Also, site-specific application of 
the models has begun at locations chosen for their scientific or 
site interest. At one such location, the Nares Abyssal Plain in the 
western North Atlantic Ocean, the SDP has established a long-term 

Areas where sufficient data are available have been 



observation program to characterize the mean flow, deep dispersion, 
and water column geochemical properties of the Nares region. 
international Seabed Working Group (SWG) is sponsoring a similar 

study just east of Great Meteor Seamount (west of the Canary 
Islands). This work is in addition to the continuing international 
observation program at the present low-level dump site in the 
eastern North Atlantic. 
among members of the SWG for model-model intercomparison is also in 
progress I 

The 

Exchange of physical oceanographic data 

Activities 

Planning Meeting for the Nares Abyssal Plain Long-Term Reasearch Plan 

Sandia National Laboratories' (SNLA) staff, contractors, and 

consultants met in Albuquerque, NM, on March 14 and 15, 1985, to 
develop plans for a six-year interdisciplinary research program at 
the Nares Abyssal Plain. The Nares has been selected as the site at 

which the SDP will validate environmental models and perform a site 

characterization for the 1990 status document. In addition, the 
Nares work will be structured so that it can be used to develop 
techniques and tools to efficiently and cost-effectively produce a 
reliable risk assessment and site characterization (including model 

validation) for any location likely to be selected as a potential 

repository site. Results of this meeting are summarized in 
Appendix A. 

Analysis of Data and Samples from the Nares I Oceanographic Mission 

The purpose of this mission (September 19 to October 1, 1984) 
was to conduct an interdisciplinary reconnaissance of the Nares 
Region, which had at that time recently been designated a study area 

for the Environmental Studies Group. A summary of the work aboard 
ship is in last year's annual report (Kupferman, 1987). The 

following is an overview of the results of sample and data analysis 
contained in the appendices and references of this report. The 
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information obtained on the Nares Mission, along with a historical 
summary and synthesis of the physical oceanographic observations in 
the region, was used as background material for developing the Nares 
Abyssal Plain long-term research plan discussed in Appendix A. 

The work on this mission consisted of a mooring recovery and 
deployment, hydrography, in-situ pumping and large-volume water 
sampling, coring, and exercising the onboard, real-time prediction 
system, using the Harvard open-ocean, regional-eddy-resolving 
model. The results and significance of this work are summarized 
below. Additional material is in the references and appendices. 

Moorins work--A current-meter, sediment-trap transmissometer mooring 
deployed in August 1983 was recovered and replaced with a similar 
mooring containing more sediment traps for better definition of 
vertical particle fluxes. 

The current meter data significantly increased information 
available about currents in the region (Pillsbury et al., 1986). 
The mean direction of flow was toward the northeast at all measured 
depths, which were between 725 m and 5800 m (the latter was 50 m 
above the bottom), Mean velocities were on the order of 1 cm/sec, 
while mean speeds were about 5 cm/sec. Maximum speeds observed in 
the deep water (2950 m and below) were about 10 cm/sec over the 
400-day period that the mooring was in place. In the deep water, 
vertical coherence was very high at low frequency (i.e., less than 
0.1 cycle/day). Most of the variance in the current meter records 
occurs at periods greater than 50 days. The major tidal energy is 
at the semi-diurnal frequency (at 5800 m, semi-major axis of m 

component, 1 cm/sec at 12.42 hour period: S component, 0.4 cm/sec 
at 12.00 hr period) with significant energy at the diurnal frequency 
(K1 component, 0.3 cm/sec at 23.93 hr period) (Pillsbury, 1986). 

2 

2 

All information supports initial suppositions that the Nares 
Abyssal Plain is a relatively inactive region where nontidal current 
patterns are dominated by intermittant, low-frequency (mesoscale) 



activity. Measurements of at least several years' duration will be 
required to establish stable, mean-current-velocity values. This 
conclusion is supported by Nares I1 moorings results, which are 
discussed below and in Appendix E. 

A quick look at data from the recovered sediment traps reported 
last year (Kupferman, 1987) showed that both upward and downward 
biogenic bulk fluxes were relatively low for an open ocean site, 
reflecting the low primary productivity at this central gyre 

location. This year the sediment trap samples were analyzed for 
mass, organic carbon, nitrogen, phosphores, calcium carbonate, opal, 
and other major and minor elements (see Appendix B). Subsamples 
were subjected to radiochemical analyses (see Appendices C and I)). 

The biogenic particle flux at Nares is lower than that near 

Bermuda by nearly a factor of two, implying very low biological 
productivity. 
maximum flux is associated with high biological production in the 
spring and summer. Most flux values covary in the upper (1500-m) 
and lower (4800-m) traps, reflecting the rapid transport of surface- 
derived material to the deep Ocean. There is also evidence that the 
horizontal transport of sediments from other depositional 
environments is occurring. The Nares Abyssal Plain lies directly 
beneath the trajectory of dust carried from the Sahara on the 
northeast trade winds: thus, the total fraction and net flux of 

terrigenous components are relatively high. 

Seasonal flux varies by a factor of two and the 

The upward flux of material collected by the inverted sediment 
trap at 4865 m was very low (typically three orders of magnitude 
less than fluxes downward) and lower than upward fluxes measured at 
other sites. This may be a consequence of the lower productivity at 
this site, which supports fewer abyssal organisms that produce 
buoyant particles. No apparent relationship exists between the 
downward organic carbon flux and the upward bulk flux. Buoyant 
particles do not appear to provide a significant upward transport 
vector at the Nares site (see Appendix B). 
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Hydroqraphy-The hydrographic work consisted of conductivity, 
temperature, depth (CTD) profiles, along with simultaneous light- 
transmission,and dissolved-oxygen profiles. These CTD/light- 
transmission/dissolved-oxygen profiles will be referred to hereafter 
as CTD profiles. Measurements are made in real time and transmitted 
by cable to the ship's laboratory. 

During the profiles, water samplers on the profiling instrument 
are tripped remotely to collect point water samples (typically 12 to 
24) for calibration of the CTD and to measure compounds such as 
silicate, for which chemical analyses must be conducted aboard 

ship. 

water in a particular region, in order to characterize sources of 
water found in the region and the long-term water circulation 
patterns (years to hundreds of years). 
calculate water density as a function of depth, and this information 
can be used at successive measurement stations in the geostrophic 
approximation to calculate short-term currents in a region, 
results of these dynamical calculations were used for initializing 
and validating mesoscale models. 
long-term circulation in a region through hydrographic and current- 

meter measurements is important for interpreting geochemical and 
biological data and is thus an important first step in providing 
background for understanding the dynamics of a region's ecosystem. 

All information is used to analyze the property structure of 

CTD data are also used to 

The 

Knowledge of the current-field and 

It was originally planned to obtain ten CTD profiles and 22 XBT* 
profiles in a 90-km-per-side square grid centered at the mooring. 
These data, in conjunction with the geostrophic approximation, would 
be used to calculate currents for initializing the regional-eddy- 

*The Egendable E&thythermograph is an expendable profiling 
instrument to measure temperature as a function of depth, typically 
to a depth of 750 m, to supplement CTD data for dynamical calcula- 
tions and other purposes. XBTs save time because measurements can 
be made while the ship is underway. The ship must be stopped to 
take CTD profiles, which require five to six hours in the 6000-m 
Nares region depths. 
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resolving model. 
several days to check the accuracy of the model predictions. 
Unfortunately, the CTD cable experienced irreparable electrical 
failure after six CTDs, so it was impossible to carry out the 
program as planned. The initial grid pattern was completed using 
XBTs. It was decided that the most effective use of remaining time 
would be to examine the deep water mass structure south of the 
mooring in an attempt to locate the western boundary undercurrent 
and to determine the water types moving through the general area. 

The CDT and XBT profiles were to be repeated after 

This program could be carried out with the nonconducting, 
hydrographic wire and water sampling equipment on board. Since the 
SDP is primarily concerned with bottom sources, sampling was 
concentrated in the deep water column from 4000 m to the bottom 
(about 6000 m). 

Temperature salinity (0-S) plots from CTD data were compared 
to a standard 0-S curve (Armi and Bray, 1982) for the western 
North Atlantic (see Laine, 1985). Our 0-S curves closely tracked 
the standard curve with slight deviations at 7OC and 5.4OC (about 
950 m and 1150 m, respectively), due to slightly stronger admixtures 
of fresher Antarctic intermediate water at 7OC and saltier 
Mediterranian outflow water at 5.4OC. 
about as expected for this location. Bottom mixed layers were 
observed in all CTDs for which near-bottom data were available (five 
out of six). These layers were very weak: the temperature signal 
was only a few millidegrees and the layer thicknesses ranged between 
30 m and 65 m. Usually, the layers were most clearly evident in the 
light-transmission vs. depth plots. 

These water mass signals were 

A possible explanation for the weakness of the bottom mixed 
layers is that currents in the deep water were very weak at the time 
of the Nares mission, as indicated by the records from the recovered 
current meters (Pillsbury et al., 1986). Thus, any intrusion of 
bottom water from outside the region would have been slow, and there 
would not have been much kinetic energy available in the bottom 
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currents to convert to turbulence for vertically mixing the near- 
bottom waters. 

By examining near-bottom water characteristics for temperature, 

salinity, silica, and oxygen data (see Laine, 1985) we hoped to 
discern the presence of the western boundary undercurrent, which is 
thought to flow to the east through the southern portion of the 
study area. A clear-cut indication of its presence was not found, 
presumably due to the complexity of the flow field in the region and 
to the wide station spacing (40 km) in the southern part of the 

region. 

Pumpins and large-volume water sampling--Pumping and large-volume 
water sampling are a part of the water column geochemistry program. 

The program's objectives are to develop and validate geochemical 
transport models and to assist in producing a site characterization 
for the Nares region. 

In-situ pumps are used to sample large volumes of seawater 
(order of 1000 a )  for reactive chemical species, specifically, 
naturally-occurring thorium isotopes and the artificial 
radionuclides Pu and . The concentration of these species 
is low in seawater; the pumps allow more accurate and precise 
analyses through the collection of larger samples than is possible 
by the collection and onboard processing of bulk water samples. 

241m 

The pumps force water through a 1-micron filter cartridge and 
then through two identical cartridges previously coated with 
manganese dioxide (Mn02). 

prefilter to collect suspended particulates and the two Mn02 

cartridges absorb the nuclides of interest from seawater. Analysis 
of both MnO cartridges determines the chemical extraction 
efficiency and, coupled with the measured volume pumped, the 
concentration of radionuclide in solution. 

The first cartridge functions as a 

2 



The pumps are self contained and battery powered. Several pumps 
are lowered to different depths on the ship's hydrographic wire and 
left in place for several hours in order to collect samples. Timers 
turn the pumps on and off at sampling depth. A similar system with 
an onboard pump is available for collecting near-surface samples on 
station or when the ship is underway. 

Large-volume water samples ( 6 0 % )  are collected to determine 
dissolved Pu, 137Cs, and 'OS, (which are not efficiently 
absorbed by the MnO 
pumped radioisotope samples. 

cartridges) and for backup samples for the 2 

Pumping and large-volume water sampling are the responsibility 
of J. K. Cochran and H. D. Livingston, who are also working with 
radioisotopes in the sediment trap samples and in bottom sediments. 
After additional sampling, their work will result in a comprehensive 
picture of the distribution of thorium isotopes, *lo Pb, fallout 
transuranics, and 137Cs in the water column (including 
particle-associated phases) and sediments at the Nares site. 

The significance to the SDP is that this information can be used 
to define several parameters necessary to build a geochemical 
scavenging component into the physical modeling effort. These 
parameters are not restricted to the specific nuclides involved. 
The suite of nuclides studied spans a range of chemical reactivities 
with respect to scavenging; in many instances, these are critical 
radionuclides in high-level waste forms--or represent very close 
chemical relatives of critical nuclides. Thus the data set will be 
applicable to the selection of geochemical modeling parameters which 
are relevant, realistic, and based on real oceanic measurements as 
opposed to laboratory experiment extrapolations. 

Fallout radionuclides also appear to be useful deep-water 
tracers for studying interaction of the deep western boundary 
current with the ocean interior at the Nares site. This interaction 
is a key component of the deep mixing processes which disperse a 
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waste signal introduced to the bottom water in the ocean interior 
from a site on the western side of an ocean basin. 
can establish the rates of such processes, will provide highly 
relevant input to the deep circulation modeling effort. 
is discussed in Appendices C and D. 

Tracers, which 

This work 

Core Samples--The 1.8 m gravity core was analyzed for chemical 
composition (Appendix B) and for 238U, 234U, 232Th, and 
230Th (Appendix C ) .  

230Th, the isotope normally used to measure sediment accumulation 
rates, does not decrease regularly with depth, but shows alternating 
zones of high and low activity. No meaningful accumulation rate can 
be derived from these results. These data are similar to data of 
Thompson et al. (1984) in cores from the Nares, which led them to 
conclude that turbidite sedimentation strongly affects the 

stratigraphy of the site. 
and fosters belief that as much as 170 cm (of the 180 cm) of 
sediment found in the core must have been deposited relatively 
rapidly (over about ten thousand years), perhaps as a series of 
turbidite deposits separated by poorly defined periods of pelagic 
sedimentationn (a detailed discussion of these matters is contained 
in an addenda to Appendix HI. 

The depth distribution of unsupported 

The Nares core supports this conclusion 

The pelagic sedimentation rate derived from the slowly 
accumulating "red clay" sequences studied by Thompson et al. (1984) 

was 0.3-0.7 mg/cm y .  This "base" value is consistent with the 
range of terrigenous fluxes collected by the sediment traps 
(Appendix B). 

2 

241Am analyses were completed on surficial sections of the 
sediment cores collected by the Research Vessel Tyro from the Nares 
site for which 
in the FY84 annual report (Kupferman, 1987). Concentrations and, 
consequently, sediment nuclide inventories are very low. Thus, the 
picture of the Nares area as a sedimentary regime receiving a very 
small flux of material from the surface ocean holds for 2 4 1 ~ ,  as 

, 137Cs, and 210Pb data were reported 239, 24OPu 
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well as for the other, less reactive fallout nuclides and the 
biogenic flux. 
elevated two to three times over that which would characterize 
integrated giobal fallout supplied to the surface ocean results from 
the supply of 241Am-enriched, large sinking particles. 
sediments are, however, still a very minor sink for the fallout 
transuranic inventory (Appendix D). 

The fact that the mean 241Am/239'240Pu ratio is 

The 

Mesoscale Modelinq--Modelers from SNLA and Harvard University 
participated in the Nares mission. Their purpose was to assimilate 
XBT and CTD data into the Harvard-developed, regional-eddy model and 
forecast the current field in real time. Real-time modeling is 

important for monitoring, planning, and conducting biological and 
other types of experiments, and for model validation. 

If the current field is known when data are being collected, 
critical areas for measuring can be inferred which will produce the 
most efficient monitoring and/or experimental plan, and the best 
model validation. 

In spite of the CTD problem that made it impossible to 
initialize the model to predict deep current flow, it was possible 
to assimilate both CTD and XBT data into the shipboard computer in 
real time and to initialize the model to make predictions of current 
flow in the upper portion of the water column (less than 750 m 
depth). These results are discussed in Marietta and Simmons (1986). 

The Nares I1 Oceanographic Mission (November 9 to 2 7 ,  1985) 

The objective of the mission was to obtain information required 
to complete the data set for a preliminary ecological assessment of 
the Nares Abyssal Plain study area. 
provided information about the physical oceanographic and water 
column geochemical structure of the region. 
gathered analogous information about important biological features 
such as primary productivity, zooplankton activity, water column 

Previous work at the site 

The Nares I1 mission 
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biological fluxes, population densities of demersal scavangers, 
microbiology, amino acid concentration, and sediment biological 
activity--as well as supporting physical and geochemical data. A 
current-meter, sediment-trap mooring (Nares 11) was recovered, 
extending the record length to 26 months. A similar mooring 
(Nares 111) was deployed in approximately the same location. A 1 1  

information will be used by the SNLA environmental modeling group in 

developing ocean transport models to predict potential doses of 
radioactivity from a repository to humans. Biological data will 

also provide information for the biological carbon model used to 
verify the consistancy of the experimentally measured and estimated 
biological fluxes used in ecosystem models. 

Planning for the mission took into account recommendations of 
the meeting for the Nares Abyssal Plain long-term research plan 
(Appendix A ) .  

The mission had two legs. The first, scheduled for November 9 

to 16, was to be primarily devoted to physical geochemical and 
modeling work; the second, November 17 to 27, primarily to 
biological and geophysical work. High seas from Hurricane Kate 
made it impossible to do much of the work planned for the first leg 
and led to the loss of a critical piece of equipment, the 
CTD/Rosette/Transmissometer System. As a result of these 
difficulties, the scientific party's makeup and work plan for the 
second leg were modified to insure that the critical task of 
recovering the mooring was accomplished, while maintaining the 
integrity of the biological work plan. 
the second-leg departure for two days, the dedication and 
cooperation of the scientific parties of both legs made it possible 
to accomplish most of the mission objectives, although the 
abbreviated time schedule was a serious constraint that impacted all 
areas of work. 
be discussed briefly below. A more detailed discussion is in the 
cruise report by the chief scientists for the mission (Shephard and 
Laine, 1987). 

Although bad weather delayed 

The preliminary results of the shipboard work will 
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Funding for the Atlantic Ocean field program was terminated 
shortly after the completion of the cruise; as a result the 
laboratory analysis of data and samples was limited. 
accomplished is reported here and in the appendices. Individual 
principal investigators are expected to analyze samples and data 
with funding from other sources and to publish their results in the 
open scientific literature. 

Work that was 

Hydrography--Two deep CTDs in the vicinity of the mooring and 85 
(750-m) XBTs were taken during the mission; 64 of the XBTs were 
collected in a grid pattern around the mooring. The original plan 
was to initialize the regional-eddy-resolving model with them and 

seven deep CTDs. 

CTD and the bad weather, which made it inadvisable to deploy the 
backup CTD. The remaining 21 XBTs were collected on a transect from 

San Juan, Puerto Rico, to the study area. A n  examination of the XBT 
data indicated very little mesoscale activity in the upper water 
column (0 - 750 m), either along the transect or around the mooring 
early in Leg I. 

This proved impossible because of the loss of the 

In Situ Pumpinq-The in-situ pumps sample large volumes of seawater 
for reactive chemical species, particularly the isotopes Pu, 

2 4 1 ~ ,  and 13’Cs. 
prefilter to collect suspended particulates and then through 

chemically treated cartridges which extract dissolved 

radionuclides. Goals for the pumping were: 1) to compare retention 
of particles on membrane, cotton, and polypropylene fiber 
prefilters; 2) to assess the efficiency of extracting Pu from 
solution onto different manganese oxide substrates and at different 
flow rates; 3) to add to the pumping system a cartridge designed to 

scavenge dissolved 137Cs. 
using battery-powered, in-situ pumps at depths between 350 and 
5720 m. Five surface-water samples were collected using an onboard 
pumping system. The geochemical field work is discussed further in 
Appendix F. 

Seawater is pumped through a cartridge 

Nine subsurface samples were collected 
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Moorinq Operations--The Nares-I1 mooring, installed September 21, 

1984, was recovered with all instrumentation on November 21, 1985 at 

23O14.76*N, 64OO1.75'W. 
the complexity of the mooring and moderately rough weather. 

The recovery required 6.5 hours, due to 

Instruments recovered were upright sediment traps at 735, 1435, 
2885, 3800, 4785, and 5785 m, plus inverted sediment traps at 2915 
and 4815 m, and five current meters located at 750, 1450, 2900, 
4800, and 5800 m. 

The current meters at 750, 1450, 2900, and 4800 m appear to have 
operated properly. The transmissometer at 4800 m also seems to have 
operated satisfactorily. 
tioned and the data probably degrade rapidly after deployment. 
transmissometer at 5800 m was modified for extra deep deployment, 

but doesn't seem to have survived. Its data are probably 
contaminated. Its failure caused the current meter to which it was 
attached to leak and eventually stop collecting data. 
release system functioned properly. 

The transmissometer at 2900 m malfunc- 
The 

The dual 

The Nares-I11 mooring was deployed on November 22 at 

23O15.07 'N, 64O02.07. 
instrumentation: 

This mooring contains the following 

5 current meters at 750, 1450, 2900, 4800, and 5800 m 
2 upright sediment traps at 1435 and 4785 m 
1 inverted sediment trap at 4835 m 

7 passive chemical monitors (an experimental system for long- 

term radionuclide collection by absorption in situ, 

developed at Woods Hole Oceanographic Institution) at 750, 
1285, 2000, 2900, 3900, 4635, and 5800 m) 

3 transmissometers at 1450, 4800, and 5800 m. 

This mooring was recovered on November 3, 1986 (see 
Appendix I). Summaries of data from the Nares-I1 current meters are 
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in Appendix E. Sediment trap work is discussed further in 
Appendix G. 

Radon Analysis--The level of excess 222Rn in near-bottom waters 
was measured as an index of the vertical diffusivity in the benthic 
mixed layer. 
gas, is produced from the decay of 226Ra in sediment and 

seawater. 

Rn, an inert, naturally-occurring radioactive 222 

Near the bottom, concentrations of 222Rn are above 
those attributable to decay of dissolved Ra because of radon 
diffusion from the bottom sediments. The distribution of this 
excess radon can be used to calculate the rate of vertical mixing of 
bottom waters. 

Samples were to have been obtained on Leg I, but due to rough 

weather and loss of the rosette sampler, the work was shifted to 
Leg 11. 
dry ice temperatures and measured aboard ship using alpha 
scintillation counting. Some samples were also drawn for tritium 
analysis. 

Radon was extracted from seawater onto charcoal columns at 

Bioloqical Measurements Proqram*--The flux of organic carbon to the 
sediment was estimated using short-term moored sediment traps 
located 10 m and 95 m above the sediment surface. Sediment 

particles were obtained from these traps for gravimetric, elemental, 
and isotopic analyses. These analyses will provide data about the 

total flux of material to the sediment and also the organic carbon 
and total nitrogen flux to the sediment. 

'ItJo box cores were obtained which were used to provide: 
(1) pore water nutrient** and dissolved free amino acid content: 
(2) down core profiles of organic carbon and nitrogen: (3) bacterial 

*Material on the biological measurements program is excerpted from 
the Cruise Report (Shephard and Laine, 1987). 

**Pore water nutrient data were obtained on board using a 
computerized Technican Auto Analyzer system. 
silicate, nitrate, nitrite, and ammonia were obtained. 

Data on phosphate, 
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counts and growth rates: ( 4 )  down core meiofaunal biomass and 
sensitivities: (5) down core water content. Pore waters were 
extracted by squeezing sediments in a nitrogen atmosphere using 

Reebaugh squeezers. 

each box core horizontally using stainless steel "cookie sheets." 
Each section was subsequently subsampled. 

Down core sampling was performed by sectioning 

Floating sediment traps were to be used to determine the flux of 
Weather and organic carbon and total nitrogen from the photic zone. 

time constraints prohibited this deployment. 

Amphipod population densitites were to be determined using 
amphipod traps. As with the floating sediment traps, weather and 

time considerations prevented deployment. 

Four primary productivity stations were made to determine the 
rate at which organic material is photosynthetically produced by 
phytoplankton in the waters surrounding the Nares Abyssal Plain 
study area. These measurements, in conjunction with chlorophyll 
biomass estimates, phytoplankton densities, and particulate 
carbon/nitrogen determinations, allow assessment of primary 

production and carbon inputs at the base of marine food webs. 
During the cruise, experiments were also designed to examine 
possible methodological problems in determining productivity in 
oligotrophic waters and to assess nutrient limitations of primary 
productivity in the Nares region. 

Zooplankton studies were also conducted during the cruise. Any 
carbon model of water column processes must include an accounting of 
the effects of feeding by microscopic organisms. 
made during this cruise to specify the vertical distribution of 
biomass and species of planktonic organisms in the area of the Nares 
Abyssal Plain over the upper 3,000 m, but with special emphasis on 
the upper 500 m. Feeding by zooplankton inhabiting various strata 
in the deep sea, and their growth and reproduction, determine the 
form (fecal pellets, eggs, live organisms, carcasses) in which 

On attempt was 



carbon reaches adjacent strata. Knowledge of the numbers, sizes, 
and types of deep-sea plankton can be used to predict their 
contributions to carbon cycling. 

Lack of time and of an appropriate conducting cable precluded 
using an electronic opening-closing net system. 
opening-closing nets were successfully used to sample these strata: 
3000-2000 m, 2000-1000 m, 1000-500 m, 500-200 m, 200-100 m, and 

500-0 m. 
covering the upper 500 m (500-0 m , 200-0 m, 100-0 m and 50-0 m) 
were performed to determine variance in plankton abundance in these 
upper layers. The nets were standard 1-m rings fitted with 
149-pmesh nets and General Oceanics flowmeters. 
2 knots. Samples were preserved in 5% neutral formalin-seawater 

solution for subsequent laboratory analysis. 

Mechanical 

In addition, several series of standard oblique net hauls 

Towing speed was 

There were no technical problems with the equipment used, which 

required only a hydrowinch. However, to adequately assess the role 

of zooplankton in water column carbon cycling, more sophisticated 
equipment and much more ship-time are necessary. The present study 
was a minimal, exploratory, and preliminary sampling effort. 

Coordinated fish trapping and camera studies were conducted. 
Initially, there were two scientific objectives of the camera and 
trapping studies. The first was to repeat an experiment done 
elsewhere in June 1984 aboard the Research Vessel Columbus Iselin. 

This experiment used baited fish traps and a baited camera to study 
the composition of nekto-benthic fauna and their food search 

strategies, and tested a new method for estimating their populations 
without travel data. The second objective was to determine the 
distance from which organisms were attracted to the bait, to 
determine effects of changes in food abundance at a location. 
However, due to the loss of ship time from bad weather, time for the 
proposed experiments was insufficient for the original plan. Instead 
of setting the camera for six days and the traps nine times, the 
camera was set for three days and the traps three times. This 
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modification allowed capture of specimens for taxonomic 
identification and radio analysis, and for photography of nekton 
coming to the camera bait in order to relate their abundances and 
behavior to existing near-bottom water currents. 
mooring included a current meter 6 m above the bottom. 
Appendix E for a summary of the current meter record. 

The baited camera 
See 

The camera and trapping stations were located along a heading of 

327O, corresponding to the average direction of the bottom current 
during the same period in 1984. This proved to be a reasonable 
assumption for these deployments (see Appendix E). 
3 km in the assumed up-current direction from the camera, one was 3 
km down-current, and the last was 6 km down-current of the camera. 
The camera was deployed for three days, but each trap fished for 

only 24 hours. The distances and fishing times for the traps were 
based upon the distance traveled in 24 hours by the bottom current 
at an average of 3.5 cm/sec. Upon retrieval, the exposed film was 
removed from the camera, to be developed after the cruise. Trap 
catches were preserved in formaldehyde-seawater (fish) or frozen 

(amphipods) after samples were removed for radioisotope analysis. 

One trap was set 

The photographs will be analyzed for identities of taxa, time of 
occurrence, direction of approach to the bait, and sizes. The 
trapped animals will be identified and measured, and, if possible, 
gastro-intestinal contents and reproductive state determined. 

Microbiological studies were conducted to determine: 
(1) distribution and abundance of bacteria in the abysso-benthic 

boundary layer of the Nares abyssal plain; (2) origin of the 
bacteria present in that region (are most surface-water forms in 

abyssal depths via sinking particulates or uniquely-adapted deep-sea 
forms?); ( 3 )  ability of bacteria in abyssal waters and sediments to 
respond to nutrient enrichment of their environment. 

To attain these objectives, samples of abyssal seawater, 
sediment, and sinking particulates from a sediment trap 10 m off the 
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bottom were collected and analyzed. samples were fixed immediately 
in 2% formaldehyde for subsequent examination by epifluorescence 
microscopy to determine total bacterial abundance and distribution. 
Additional samples, retrieved and processed at in-situ temperature 
as best as possible, were repressurized to in-situ pressure 
following additions of 14C glutamic acid, 14C amino acid 
mixture, yeast extract, or (unlabeled) amino acids. Utilization of 
14C compounds was monitored at periodic intervals during a 48-hour 
incubation period. 
or amino acids will be monitored at periodic intervals during a 

12-day incubation period (cold, pressurized samples will be shipped 
to Chesapeake Bay Institute to continue the studies). Replicate 
samples incubated at sea-surface conditions and cold temperature, 
but atmospheric pressure, will indicate the presence of surface- 
water bacteria in the deep-sea samples, just as results of 
incubation studies at in-situ temperature and pressure will indicate 
the activities of the deep-sea bacteria themselves. 
of added nutrients (labeled and unlabeled) was varied at in-situ 
temperature and pressure to determine response of deep-sea bacteria 
to nutrient enrichment. 

Bacterial response to additions of yeast extract 

Concentration 

Onboard analysis was conducted of amino acid composition of pore 
water and seawaters from box core stations. Onboard analysis is 
needed to prevent loss of sample integrity due to freezing and 
transport. Also performed on board was an experiment to estimate 
the size of the plume from tuna used as bait for both the camera and 
fish trap arrays. Plumes from fish bait are highly dependent upon 
temperature and the surface area of the bait exposed to seawater. 
Pore waters were squeezed using latex membranes under nitrogen. 
Amino acids were determined using W E  ion exchange with OPA as a 
post-column derivitization reagent with a fluoresence detector. 
Interstitial amino acid concentrations appear to be similar in 
magnitude to those observed in the Hatteras Abyssal Plain and Puerto 
Rico Trench. 
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Summary 

This report period, October 1984 to termination of the project 
in May 1986, has been a fruitful one for the POWCG Studies Group. 
After last year's designation of the Nares Abyssal Plain as a 
long-term study area (Kupferman, 19871, a field program was 
developed to provide key information that would have by 1990 enabled 
the environmental program to demonstrate that the knowledge and 
capability exist to assess a site and that a validated ocean 
transport model and data are available to permit a relatively 
detailed assessment of physical and biological transport through the 
water column at the Nares site. 

Two interdisciplinary (Physical Oceanography, Water Column 
Geochemistry, Biology, and Environmental Modeling) missions to the 
Nares have been completed. A major portion of the first year of the 

Nares Field Research Program outlined in Appendix A has been carried 
out. 
used to begin understanding the workings of the ecosystem at the 
site and developing a preliminary site assessment. 

After further analysis, the data and samples obtained can be 

If future SDP work is carried out at the Nares, the greatest 
need will be for high-precision, deep-CTD data (along with 
supporting current meter data) to permit eddy-resolving models to be 
run on the site. 
not been possible on either of the two Nares missions to obtain a 
complete set of initialization data. The model, when run in real 
time, will be very useful for optimizing experimental plans aboard 
ship and for taking advantage of unforeseen scientific 
opportunities, as they arise. Laboratory simulation using these 
models will be useful for future ecoystem and site assessment work. 
The three years of moored current-meter data and the available 
hydrographic data will probably be adequate for first efforts in 
these areas. 

Because of equipment and weather problems, it has 
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The data collected thus far offer a unique opportunity for 
understanding transport processes in a deep ocean ecosystem. It is 
hoped that project principal investigators will continue to analyze 

samples and data using other funding sources and that they will 
continue to collaborate in investigating the dynamics of the site 
ecosystem. 
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Appendix A 

OVERVIEW OF NARES ABYSSAL PLAIN ENVIRONMENTAL PROGRAM PLANNING 

MEETING 

The meeting was held in Albuquerque, NM, on March 14 and 15, 

1985, and was attended by Sandia National Laboratories' (SNL) staff, 

contractors, and consultants (Table 1) to develop plans for a six- 

year interdisciplinary research program at the Nares Abyssal Plain 

and to discuss arrangements for the fall 1985 oceanographic mission 

to the Nares Abyssal Plain. 

The six-year term of this phase of the research program was set 

by the date of the next Go/No Go Subseabed Disposal Project (SDP) 

program gate in 1990. 

constraints, by 1990 we should have been able to demonstrate that we 

had developed the knowledge and capabilities necessary to assess a 

site. 

program coordinators and principal investigators should also have 

permitted formulation of necessary models and acquisition of an 

adequate data set for a relatively detailed assessment of the 

physical and biological transport through the water column at the 

Nares. 

At the very least and in spite of funding 

By 1990 refocusing of effort and improved coordination among 

The meeting agenda is shown in Table 2. The meeting attendees 

were presented with a strawman work plan (Table 31, based on a 

preliminindry assessment of the oceanographic missions and 
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major tasks that would have to be carried out (and which could be 

supported financially) to insure that the 1990 program gate 

requirements would be met. 

Participants were provided with copies of a review of available 

physical oceanographic data for the Nares (Riser, 1985) and a cruise 

report of the September-October, SNL-sponsored oceanographic mission 

to the Nares Abyssal Plain (Laine, 1985). Speakers reviewed in 

detail the results of the Nares mission* and introduced additional 

biological, physical, and geochemical data relating to the Nares 

Study Area. A six-year work plan was formulated and is presented in 

Table 4 .  The schedule, in essence, follows the timing of the 

cruises and tasks specified in the strawman plan (Table 3). Cost 

and ship-time requirements are summarized in Table 5. 

There was not sufficient time available for the detailed 

planning of the fall 1985 oceanographic mission. This work was the 

subject of continuing informal discussions and was completed at a 

meeting held in July 1985. 

*This information is contained in Appendices B, C,  D, and E of the 

1984 progress report (Kupferman, 1987) and in Appendices B, C ,  and 

D of this volume. 
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Table 1 

ATTENDEES 

D. R. Anderson 

L. H. Brush 

J. K. Cochran 

J. Dymond 

W. 0. Forster 

L. S. Gomez 

C .  L. Ingram 

D. W. Jackson 

R. D. Klett 

S. L. Kupferman 

E. P. Laine 

H. D. Livingston 

M. G. Marietta 

R. D. Pillsbury 

S. C .  Riser 

A. R. Robinson 

G. T. Rowe 

W. F. Simmons 

L. E. Shephard 

K. L. Smith 

G. L. Weatherly 

A. A. Yayanos 

Sandia National Laboratories 

Sandia National Laboratories 

State University of New York 

Oregon State University 

Department of Energy 

Sandia National Laboratories 

Scripps Inst. of Oceanography 

Scientific Info. Management, Inc. 

Sandia National Laboratories 

Sandia National Laboratories 

University of Rhode Island 

Woods Hole Oceanographic Inst. 

Sandia National Laboratories 

Oregon State University 

University of Washington 

Harvard University 

Brookhaven National Laboratory 

Woods Hole, Massachusetts 

Sandia National Laboratories 

Scripps Inst. of Oceanography 

Florida State University 

Scripps Inst. Of Oceanography 
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Table 2 

NARES ABYSSAL PLAIN RESEARCH PLANNING MEETING 
AGENDA 

Thursday, March 14, - 8:30 a.m. 

Charge to the meeting D. R. Anderson ( 1 5 )  

General overview S. L. Kupferman (15) 

Modeling Overview M. G. Marietta ( 1 5 )  

Nares Biological Data Needs G. T. Rowe ( 1 5 )  

Details of Nares Circulation S. C. Riser ( 1 5 )  

Break (15) 

Discussion of Nares objectives and components of the research 
program to include measurements, components and schedules both 
long-term and for the October 1985 cruise. During this period there 
will be opportunity for formal statements of up to 10-15 minutes by 
individuals. This discussion will be led and moderated by A. R. 
Robinson ( 3  hours) (Will be interrupted for 1 hour at noon for 
lunch, to be served in the meeting room.) 

Charge to the working groups S. L. KUpfeKman 

Break into working groups to discuss 
overall philosophy and general 
approach 2 hours 

Short statements by group leaders 
and discussion S. L. Kupferman (1 hour) 

Friday, March 15 - 8:30 a.m.. 

Individual group planning meetings 
(exchange of individuals between 
groups is encouraged) 

Lunch 

Presentation of detailed group 
reports and discussion 

( 3  1/2 hours) 

(1 1/2 hours) 

S. L. Kupferman 
(3 1/2 hours) 



TABLE 3 

STRAWMAN SIX YEAR PLAN 

FY1986 

FY1987 

FY1988 

FY1989 

FY1990 

FY1991 

October 1985 cruise: deploy Nares 3 ,  recover Nares 2, 
integrate biology. 

October 1986 cruise: deploy scale determining array, 
recover Nares 3 ,  deploy deep drifters. (Possible ship 
of opportunity launch of deep drifters.) 

October 1987 cruise: deploy single mooring, recover 
array. Analysis of array data for FY89 experiment. 

October 1988 cruise: deploy full array and dispersion 
experiment, recover single mooring. 

October 1989 cruise: recover array, continue to track 
drifters, deploy single mooring. Analyze data for 
status report. 

Continue data analysis and modeling. Begin historical 
research and planning for work at a new site and/or 
consider follow-up work at Nares. 
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TABLE 4 
NARES FIELD RESEARCH PROGRAM 

October 1985 FY1985 All in 1985 Dollars 

PO & GC 

Recover & Deploy 
Mooring 

Hydrographic Studies* 

Drifters (5 POP-UPS) 

ODPS** 

Pumping 

Sediment Traps 

Radiochemistry 

Gravity Cores (2 ea.) 

Bottom Boundary Layer 

Radon ( 2  Profiles) 

Tritium (100 Samples) 

Ship Time 

1/2 D 

4 0  

- 

7 D  

2 D  

- 

- 

1/3 D 

- 

- 

- 

13.83 D 

Total Cost 

75K 

50  K 

30 K 

6 K  

120 K 

190K 

80 K 

30K 

- 

10 K 

20 K 

611 K 

*Includes Silica 
**ODPS - Ocean Description Prediction System 

ttWBLJC - Western Boundary Undercurrent 
tBBL - bottom boundary layer 

Purpose 

Long Term Variability & Statistics 

Regional Exploration, Modeling 
Support 

Float Exploration 

Hodel Initialization & Check 

Water Column Nuclides & Scavenging 

Fluxes & Scavenging 

Analysis of Trap Samples 

Accumulation Rates Planning 

Planning 

Definie BBLt 

Characterize WBUCaa 
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NARES FIELD RESEARCH PROGRAM 

October 1985 FY1985 All in 1985 Dollars 

Biology Ship Time 

(Characterize Standing Stocks) 

Box Cores ( 6  ea., 
6 people) 

Upper Water Column 
(1 person) 

3 D  

112 D 

Zooplankton (2 people) 1 D  

Fish Trapping(1 person) 1 D  

Amphipod Trapping 
(2 people) 

1/2 D 

Baited Camera, Time Lapse 1/8 D 

Stereo Camera Sled 
(1 person) 

1 D  

Hadiochemical Analysis - 

8.125 D 

Meeting 

Total Cost Purpose 

153K 

25 K 

60 K 

80 K 

4K 

25K 

4 K  

24 K 

375 K 

25 K 

Carbon Model Validation Cf's* 
Bioturbation 

Source of Biogenic Particles 

Deep Tows, Characterize 
Reprocessing 

Carbon Model, Cf's 

Carbon Model 

Carbon Model 

Carbon Model 

Organism Radioactivity 

*Cf - concentration factors 
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WARES FIELD RESEARCH PROGRAM 

October 1986 FY1987 All in 1985 Dollars 

PO & GC 

Recover & Deploy Scale 
Array 

Hydrographic Studies 

RAFOS* Floats & Sound 
Sources 

ODPS 

Pumping & Chemical 
Monitoring 

New Pump Chstruction 

Sediment traps 

Radiochemistry 

Radon (Six Profiles 

BBL 

Tritium (250 Samples) 

ship Time 

1 D  

10 D 

3 D  

7 D  

2 D  

- 

- 

-0 

- 

- 

- 

Total Cost 

350 K 

100 K 

275 K 

6 K  

1110 K 

20 K 

146 K 

80 K 

30 K 

150 K 

50 K 

Purpose 

Determine Scales of Motion 

Modeling Support, Mooring 
Support 

Currents & Dispersion 

Model Initialization 

Water Column Nuclides & Scavenging. 
WBUC Exchange 

Horizontal Gradients in Fluxes & 
scavenging 

Analysis of Trap Samples 

Test BBL Model Dynamics 

Model Validation, BBL, 
Characterization 

WBUC - Interior Studies 

23 D 1317 K 

*Variant of neutrally buoyant SOFAR (Sound Fixing and Ranging) floats, RAFOS is SOFAR 
spelled backwards. 



HARES FIELD RESEARCH PROGRAM 

October 1986 FY1987 All in 1985 Dollars 

Biology Ship Time Total Cost Purpose 

(Characterize Some Rates 
of Processes) 

Box Cores 

Upper Water Column 
(1 person) 

Zooplankton (2 people) 

Fish Trapping (1 Person) 

Amphipod Trapping 
(2 people) 

Benthic Respirometer 
(2 people) 

Free Vehicles A4 
(2 people) 

Radiochemical Analysis 

nee t ing 

As Needed 

1/2 D 25 K 

2 D  60 K 

1 D  80 K 

112 D 4 K  

a D  - 

1 D  10 K 

- 27 K 

6 D  231 K 

25K 

Source of Biogenic Particles 

Characterize Reprocessing 

Carbon Model 

Carbon Model 

Carbon Model Rates 

Carbon Model Rates 

Organism Radioactivity 

Need bigger ship and US port (free vehicles, sound sources). 
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NARES FIELD RESEARCH PROGRAM 

October 1987 FY1988 All in 1985 Dollars 

PO & GC 

Recover Array, Deploy 

Hydrographic Studies 

WOS Floats (30 ea.) 

ODPS 

Pumping & Chemical 
Hontor ing 

Sediment Traps 

Radiochemistry 

Radon (6 Profiles) 

BBL 

Tritium 

ship Time 

1 L / 2 D  

10 D 

5 D  

7 D  

2 D  

- 

- 

- 

- 

- 

25.5D 

Total Cost 

75 K 

130 K 

250 K 

6 K  

130 K 

195 K 

30 K 

30 K 

45 K 

17 K 

1038 K 

Purpose 

Long Term Variability and 
Statistics 

Hodel RAFOS, Support 
Residence Time Work 

Deploy Float Clusters 

Simulation Studies 

Water Column Nuclides & 
Scavenging & WBUC Exchange 

Scavenging & Horizontal 
Processes 

Same as Above 

Test BBL Hodel Dynamics 

Analysis 

Analysis 
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NARES FIELD RESEARCH PROGRAM 

October 1987 FY1988 All in 1985 Dollars 

Biology Shiptime Total Cost Purpose 

(Fill in Holes) 

Box Cores 

upper Water Column 
(1 person) 

Zooplankton (2 people) 

Fish Trapping (1 person) 

Amphipod Trapping 

Benthic Respirometer 
(2 people) 

Move Free Vehicle A4 
Higher in Water Column 
(2 people) 

Respiration Rate 
(2 people) 

Intensive Radio-Chemical 
Anal. 

Floating Sediment Trap 
(2 people) 

Meeting 

Need Large Ship 

1/2 D 

2 D  

1 D  

1/2 D 

1 D  

1 D  

As Needed 

25 K 

60 K 

80 K 

4 K  

10 K 

- 40 K 

- 25 K 

6 D  244 K 

25 K 

Source of Biogenic Particles 

Characterize reprocessing 

Carbon Model 

Carbon Model 

Carbon Model Rates 

Carbon Model Rates 

Carbon Model Rates 

Organism Radioactivity 

Fluxes 
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NARES FIELD RESEARCH PROGRAM 

October 1986 FY1989 All in 1985 Dollars 

PO & GC 

Recover, Deploy Array 

Hydrographic Studies 
(50 CTD's) 

RAFOS (45 Floats & Extra 
Sound Sources) 

ODPS 

Pumping & Chemical 
Monitoring 

Sediment Traps 

Radiochemistry 

Radon ( 6  profiles) 

BBL 

Tritium (250 Samples) 

Ship Time 

2 D  

10 D 

- 

7 D  

2 D  

- 

- 

- 

- 

-. 

-- 
21 D 

Total Cost 

455 K 

130 K 

375 K 

6 K  

145 K 

197 K 

80 K 

30 K 

200 K 

50 K 

1668 K 
--- 

Purpose 

Dispersion Expt., Hodel Validation 

Model, Hooring, W O S  Support 

Dispersion Expt., Hodel Validation 

Simulation Studies 

Water Coluinn Nuclides & Scavenging, 
WBUC Exchange 

Scavenging & Horizontal Processes 

Scavenging 

Test BBL Hodel Dynamics 

Hodel Validation, BBL Escapement 

WBUC-Interior Studies 



NARES FIELD RESEARCH PROGRAM 

October 1988 FY1989 All in 1985 Dollars 

Biology Ship Time 

Net TOWS 

Free Vehicle A4 

Carbon Hodel, Radio- 
activity Hodel 
Validation 

Intensive Radio Chemistry - 

7 D  

Hee t ing 

Need large ship. 

Total Cost Purpose 

200 K (& Dedicated Hodel Validation 
Ship 1 

- Carbon Hodel Rates 

100 K Val idat. ion 

40 K Organism Radioactivity 

340 K 

25 K 
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NARES FIELD RESEARCH PROGRAM 

October 1989 FY1990 All in 1985 Dollars 

PO & GC Ship Time - 

Recover Array, 2 1/2 D 

Hydrographic Studies 10 D 
(50 CTD) 

RAFOS (Recover Sources ) - 

ODPS 7 D  

Plumbing and Chemical 2 D  
Monitoring 

Sediment Traps - 
Radiochemistry - 

Radon (6 profiles) - 

BBL - 

Tritium - 

21.5 D 

Total Cost 

75 K 

130 K 

120 K 

6 K  

160 K 

60 K 

240 K 

30 K 

55 K 

20 K 

1096 K 

Purpose 

Long Term Variability & Statistics 

Model, Mooring, RAFOS Support 

Analysis 

Simulation Studies 

Water Column Nuclides & Scavenging, 
WBUC Exchange 

Scavenging 6 Horizontal Processes 

Scavenging 

Test BBL Hodel Dynamics 

Analysis 

Analysis of Data 
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NARES FIELD RESEARCH PROGRAM 

October 1989 FY1990 All in 1985 Dollars 

Biology Ship Time Total Cost Pu rpo s e 

Horizontal Varience 
In Biological Field 

Radiochemistry, Cores 

Radiochemistry, 
Organisms 

Meeting 

250 K Exploration, Model Validation 

50 K Model Validation 

15 K Model Validation 

J D  315 K 

25 K 
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.- 

NARES FIELD RESEARCH PROGRAM 
- 

October 1990 FY1991 All in 1985 Dollars - 

PO & GC 

Recover Mooring 

Hydrographic Studies 

RAFOS 

ODPS 

Pumping & Chemical 
Monitoring 

Sediment Traps 

Radiochemistry 

BBL 

Synthesis of Geochemistry 

Ship Time 

Biology 

Synthesis of Biology 

Meeting 

Total Cost 

40 K 

40 K 

75 K 

- 

50 K 

130 K 

80K 

30 K 

50 K 

485 K 

60 K 

25 K 

Purpose 

Long Tern Variability & Statistics 

Model Support 

Analysis 

Simulation studies 

Analysis 

Scavenging Processes 

Scavenging 

Analysis 

Analysis & Reports 

Analysis & Reports 

-A1 7- 



TABLE 5 

NARES FIELD RESEARCH PROGRAM 

COST AWD SHIP TIHE SUMMARY 

NOTES : 

Have added 7D for Transit Time to each mission. 

Have charged 10KIDay for  ship days, Add to PO and GC. 

Have added costs for meetings to PO and GC. 

Total Ship Days Total PO if GC (K) Total Biology (K) Fiscal Year 

1986 

1987 

1988 

1989 

1990 

1991 

29 

36 

39 

35 

36 

10 

926 

1702 

1453 

2043 

1481 

620 

3 75 

231 

244 

340 

3 15 

60 

Costs in 1985 $. 
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NARES ABYSSAL PLAIN SEDIMENT FLUX STUDIES 

I. SUMMARY OF FIELD ACTIVITIES (FY85) 

Mooring NAP- 1 
On 20 Sept. 1984, during cruise EN-121 of the R/V ENDEAVOR, the sediment 
trap mooring designated NAP-1 was recovered. The mooring had been deployed 
on 15 August 1983, and contained two upward-looking sediment traps (@1463rn, 
4832m) and one downward-facing trap (@4862m) of the standard 5-cup OSU 

design (Moser et al., 1986). The mooring was located in the Nares Abyssal 
Plain at 23'12.0'N, 63'58.9'W (bottom depth 5847 meters). The microproces- 
sor timer was set to sequence samples every 78 days (cups 2-5). On 28 June 
1984, the collector returned to its deployment position (cup 1) where it 
remained until recovery (84 days). 
this last subsample, the quality of the sample is in question because of 
potential contamination or loss of material during recovery (see below). 

quantitative recovery of the azide solution (preservative) in cup 1 of the 
1463m trap suggests that this sample was probably intact whereas cup 1 on 
the 4832m trap w a s  abnormally depleted in azide and probably lost material 
during recovery. 

Although we will present the data for 

A 

These particulate matter samples were analyzed for mass, organic carbon, 
nitrogen, phosphorus, calcium carbonate, opal, and other major and minor 
elements. Subsamples of these were also provided to Drs. K. Cochran ( S U N Y )  

and H. Livingston (WHOI) for radiochemical analyses. 

Moorine - NAP-2 
On 21 September 1984 (during the same cruise), another mooring was deployed 

at 23'14.5'N. 64'02.1'W with a bottom depth of 5835 meters. This complex 
mooring contained 6 upward-looking traps (@720, 1420, 2870, 3785, 4770, 5780 

meters) and two inverted traps (@2900, 4800 meters). [This mooring was 
successfully recovered on 21 November 1985.1 



Sediments 
During EN-121, a gravity core (GC #1) was collected near the mooring site by 
Dr. K. Cochran. We have analyzed subsamples of this core for the same suite 
of elements characterized in the traps and these results are also reported 
in this document. 

11. RESULTS - SEDIMENT TRAP FLUXES 

A .  Bulk flux es, 
The bulk mass fluxes and the chemical fluxes collected by NAP-1 are given in 
Table lA & 1B and the average flux for the deployment is shown in Figure 1. 
Also plotted (hexagon) is the average flux for the <37pm fraction of par- 
ticles collected in the Sargasso Sea near Bermuda at 3200 m depth (Deuser et 
al., 1981). The particle flux (and biological productivity) at Nares is 

lower by nearly a factor of 2 compared to that near Bermuda. 
observed elsewhere, the flux increases between the upper and lower trap 
(Honjo et al., 1982; Dymond and Collier, 1986; Walsh et al., submitted). 
This observation is not fully understood but it is probably due to 

zooplankton feeding dynamics in the upper water column and deep horizontal 
tranport of material from other sedimentary environments. 
variations in flux range by a factor of 2 and the maximum flux is associated 
with high biological production in the spring and summer. 

seen to covary in the upper and lower traps reflecting the rapid transport 
of surface-derived material to the deep ocean. 

As commonly 

Seasonal 

Most signals are 

The bulk flux can be broken down into the contributions of organic matter, 

carbonate, opal and terrigenous material (Table 2). 
varying quality: 

carbon; "organic matter" is only crudely estimated based on ash weights and 

total organic carbon content. 
classifications, essentially 100% of the particle mass is accounted for by 
this method. 
50% lithogenous. 
production and the contribution of opal is very small (and inaccurately 
estimated by this method). 

These estimates are of 

CaCO, is actually measured through both Ca and carbonate 

In spite of the inaccuracy of these 

It can be seen that the flux is approximately 50% biogenic and 
The biogenic component is dominated by calcium carbonate 
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B. 
The fluxes of organic carbon and carbonate carbon are shown in Figure 2 and 
the mean fluxes for the deployment are displayed in Figure 3. The same 
seasonal signal detected in the bulk flux is seen for the individual 
components since the biogenic flux generally drives the total flux even in 
this low productivity region. However, the large pulse of carbonate and 
organic carbon collected in the deep trap, cup 5, was not seen as strongly 
in the shallow trap. 
aluminum input, horizontal transport of recently deposited sediments into 
the trap is suggested (see below). Figure 4 demonstrates the dominance of 
carbonate productivity in this region. 

carbon is seen to be slightly less than 1. This ratio is common to low 
productivity environments - e.g. diatom vs. coccolithophorid production - 
and regional variations in this ratio are significant to models of the 
global cycle of carbon (Dymond and Lyle, 1985). 

B ioeeni c Flux es 

Since this pulse was also associated with a strong 

The ratio of organic/carbonate 

C. Terrieenous Materials. 
The total fraction and net flux of terrigenous components are higher at the 
NAP-1 mooring than at any other pelagic site we have sampled. 
(Figure 5) are as much as 2 to 10 times higher than those measured in the 
tropical Pacific and there is a significant increase in the flux between the 
upper and lower traps. 
and by active nepheloid transport processes in the deep Atlantic. 

The A1 fluxes 

These fluxes are supported by high surface inputs 

The Nares Abyssal Plain lies directly beneath the trajectory of the famous 

Saharan dust storms which transport more than 2 x 10' tons of mineral dust 
per year on the NE trades (Prosper0 and Nees, 1977; Schutz et al., 1981). 
Although good deposition measurements do not exist for this open ocean 
region, washout models coupled with air concentration measurements from 
Barbados suggest an aluminum deposition flux of 20-30 pg/cm2/yr. 

entirely consistent with the fluxes collected by the upper trap at NAP-1 

(Figure 5). 
of magnitude increase during the summer. 
consistent with the timing of the aluminum flux changes in the traps, the 
downward transport of this small-diameter terrigenous material is primarily 
driven by the production and downward flux of biogenic material (Figure 6; 

Deuser et al., 1981). However, because of this strong atmospheric input, 

This is 

The Saharan transport is also seasonal with more than an order 
Although this is also roughly 
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the covariation of A1 and organic carbon is not nearly as tight as that 
observed near Bermuda (dotted line on Fig. 6) and there is much more A1 
transported. 

The deep trap at NAP-1 collects nearly twice as much A1 as the 1464m trap 
due to the horizontal transport of sediments from other depositional 

environments. 
(Figure 5) at the deep trap is not as clearly related to the surface 
variations, The common terrigenous origin of the aluminum, iron and 
silicon in both the upper and lower traps is very clearly demonstrated in 
Figure 7. The Fe/Al ratio is 0.55 (f.O1) and the Si/A1 ratio is 3.0 (2.1). 
The Fe/A1 ratio in the sediment trap material is somewhat lower than that in 
the Saharan dust (0.62; Buat-Menard and Chesselet, 1979; Rahn et al., 1979). 
This may indicate that some of the Fe (-10%) is mobilized upon deposition 
(Rueter and Stallings, 1985) or that the trapped material is largely 
resuspended sediments (see below). 

This may also be seen by the fact that the variation in f l u  

P. UDWard (Bu ovant) Particle Fluxes. 

The flux of material collected by the inverted sediment trap at 4865m was 
very low at the NAP-1 mooring (Table 3). 
and elemental fluxes are three orders of magnitude smaller than those for 
the downward fluxes given in Table 1.1 
enriched in lipids and other labile organic compounds (Simoneit et al., 
1986), are 1ower.at NAP-1 than those measured at the "EN" and "WN" sites 
(Figure 8). This may be a consequence of the lower productivity at this 
site which supports fewer abyssal organisms that can produce lipid-rich 

particles. 
may suggest a contribution from benthic foraminifera. There is no apparent 

relationship between the downward and upward flux of aluminum (Figure 9) or 
between the downward organic carbon flux and the upward bulk flux (Figure 
10). 
vector at the Nares site. 

[Notice that the units of the bulk 

The buoyant fluxes, commonly 

The relatively high concentration of Ca in the N-1 inverted trap 

This process does not appear to provide a significant upward transport 
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E , Trap Fluxes vs. Sediment ComDosition an d Acc um u lat io n, 
The chemical composition of the gravity core from the N-1 site is presented 
in Table 4. 
diagenetic processes occurring at the seafloor by comparing the flux of 
material in the traps to the accumulation rate of the same components in 
sediment cores. This is effective in an ideal one-dimensional (vertical) 
system but is especially difficult at Nares where significant horizontal 
transport occurs. 
flows occur in the region (Thomson et al., 1984) and the gravity core 
collected at NAP-1 shows these rapidly-deposited discontinuities (Cochran, 

pers. comm.). Thomson et al. (1984) suggest that both the rapidly and 
slowly deposited sections have similar detrital chemical compositions (and 
sources?) which allows us to make first-order comparisons between these 
sediments and the trap material. 

We can usually gain insight to the rates and types of 

Alternating periods of slow deposition and turbidite 

The sedimentation rate derived from the slowly accumulating "red clay" 
sequences studied by Thomson et al. (1984) was 0.3-0.7 mg/cm2/yr. 
value is consistent with the range of terrigenous fluxes collected by the 

traps (Table 2). At all other pelagic sites studied to date, the flux of A1 

in traps matches its accumulation rate in the sediments (Dymond, 1984). 
Even though we do not have a valid sedimentation rate for the gravity core 
from N-1, we can make sediment flux comparisons with the trap based on the 
assumption that the A1 in the trap is associated with terrigenous material 
and that it is completely preserved in the sediments. 

estimated the xelative accumulation rates of components in the sediment core 
and compared these to the fluxes into the lower trap (Figure 11). Elements 
falling along the center diagonal are accumulating at the same rate they are 
collected by the trap. For the most part, these include the terrigenous 

components discussed previously (Fe, Ti, Mg, inorganic P, and Si which is 
mostly detrital in these traps). Manganese is accumulating slightly more 
rapidly than the flux collected by the trap. This is commonly observed and 

is probably due to authigenic deposition of excess Mn from water column and 
hydrothermal sources. All other biogenic components are regenerated at the 
seafloor such that less than 10% of these phases are preserved (organic 

carbon, calcium carbonate, organic P, and Sr). 

This 

In this way, we have 
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111. SUMMARY 

The sediment trap NAP-1 was successfully recovered and the materials have 
been analyzed for a set of bio- and geochemical components. 
mooring NAP-2 was deployed and recovered but no analyses have been 
completed. 
approximately 50% biogenic and 50% terrigenous. 
material is very high due to primary atmospheric inputs and horizontal 
transport of resuspended sediments. 

extremely low. 
crustal nature of the vertical flux and also shows the normal loss of labile 
biogenic phases. 

The trap 

The bulk fluxes are relatively low at this site and are 
The flux of terrigenous 

The buoyant particle fluxes are also 
The accumulation of material in the sediments reflects the 
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TABLE 1 A .  NARES ABYSSAL PLAIN SEDIMENT TRAP FLUXES (downward. mooring N A P - I )  

Total Date Bulk 
Depth cup days  cup ‘lux ‘carb C org ‘T ‘~norg  P org A I  Ca Fe Si 

opened mg/cm‘/y ug/cm‘/y 

1464m C2 78 21AUC83 1.418 69.8 92.0 12.3 1.86 1-32 -54 55.7 238.5 30.3 174.2 
c3 78 7NOV83 .E34 49.8 37.4 4.5 -50 .28 .22 29.8 163.6 16.5 96.9 
C4 78 24JAN84 .626 42.1 32.1 3.9 .43 .25 .18 16.8 138.5 9.5 62.7 
C5 78 llAPR84 .768 52.0 47.8 5.6 .48 -23 .25 16.9 170.0 9.6 70.8 
C1 7*84-91 28JUN64 .422 26.2 24.2 2.9 .33 -18 .15 13.1 84.3 7.3 45.6 

average flux(C21Cl) .EO1 47.3 46.0 5.7 .71 .44 .26 26.0 156.6 1 4 . 4  88.6 
(C2+C5) .912 53.4 52.3 6.6 .82 .52 .30 29.8 177.7 16.5 101.2 

4832m C2 78 21AUC83 1.194 57.9 61.7 6.6 .62 .29 .33 50.3 191.6 28.0 164.5 
c3 78 7NOV83 .E50 42.6 34.8 4 .1  -46 -23 .23 37.4 143.1 21.0 118.2 
C4 78 24JAN84 .BO6 41.0 30.7 3.7 .43 .22 .22 35.6 135.9 20.1 111.9 
C5 78 1lAPR84 1.624 86.0 69.7 8.6 .96 .47 .49 65.4 277.6 36.7 216.5 
C1 744-91  2BJUN84 -989 50.4 42.7 4.6 .55 .25 .30 42.4 163.8 24.4 138.2 

average flux(C2*c1) 1.089 55.4 47.8 5.5 .60 .29 .31 46.1 181.8 25.9 149.5 
(C2*c5) 1.119 56.9 49.2 5.8 .62 -30 .32 47.2 187.1 26.5 152.8 

TABLE 18. 

Depth Cup Ba cu * W I  Sr T1 Zn Ll v I Br 
ug/cml/yr 

1464m C 2  1.12 
c3  .78 
C4 .55 
c5 63 
C l  -34 

average flux(C2-Cl) .67 
(CZ-CS) .77 

4832a c2 .98 
c3 -72 
c4 a71 
c5 1.45 
c1 .86 

average f lux(c2-Cl)  .94 
(C2-C5) .97 

.069 

.055 

.042 

.ON3 
* 020 

.Or4 

.052 

.ll 

.08 

.08 

.16 

.094 

.11 

.11 

13.5 .326 
8.2 .293 
5.4 -177 
6.2 .172 
3.4 .069 

7.2 .202 
8.6 .242 

11.6 .621 
8.4 .4% 
8.1 -522 

15.5 1.173 
9.5 -718 

10.6 .TO7 
11.2 .702 

05 
-03 
03 

-03 
.015 

-03 
.Oh 

.m 

.04 
* 03 
* 07 
.04 

.04 
05 

2.1 3.8 
1.4 2.3 
1.1 1.1 
1.3 1.3 

.6 .9 

1.2 1.9 
1.5 2.1 

1.4 3.3 
1.0 2.1 

-95 2.2 
2.05 3.9 
1.2 2.7 

1.31 2.8 
1.35 2.9 

-13 
-07 
.04 
.04 
e03 

.06 
-07 

.08 

.06 
* 07 
.11 
.61 

.08 

03 
.02 
.Ol 
.01 . 01 

.02 

.02 

- 03 
.02 
.02 
-04 
* 03 

-03 
-03 

,083 
.OS5 
-028 
.029 
.018 

.Oh2 

.049 

-087 
.069 
.068 
-135 
.080 

.087 

.090 

.16 

.ll 

.10 
-13 
.059 

.ll 
-13 

e13 
.10 
.10 
.22 
.14 

-14 
.14 

-41 
.20 
.20 
* 25 
-15 

.24 

.27 

.26 

.12 
-13 
.42 
.18 

.22 
-23 



TABLE 2. NARES ABYSSAL PLAIN - COMPONENTS OF BULK DOWNWARD FLUXES 

Bulk fluxes - comDonent estimates 

depth cup 

1464 m C2 

c3 

c4 

c5 

c1 

4832 m C2 

c3 

c4 

c5 

c1 

mg/cm2/yr 
bulk flux Organic' CaCOS2 
(measured) (estimates + 

1.418 -166 .581 

.834 .067 .415 

.626 .058 .351 

.768 .086 .433 

.422 .044 .218 

1.194 .111 .482 

.850 .063 .355 

.806 .055 .342 

1.624 .125 .716 

.989 .077 .420 

OpalS 

.018 

.020 

.032 

.052 

.016 

.036 

.015 

.013 

.054 

-028 

Terrig.' 
1 

.635 

.340 

.191 

.193 

.149 

,573 

.426 

.406 

.745 

.483 

99% 

101% 

101% 

99% 

101% 

101% 

101% 

101% 

101% 

102% 

Organic matter - 1.8-C (Wefer, Suess and Ungerer, 1986) 
org 

CaCO, - 8.33*Ccarb 
Opal - 2.61*(Si - 3.0-A1) - -  subtract out detrital Si. 
Terrigenous - 11.4.Al - -  using A1 content of local sediments - 8.8% 

Total bulk flux accounted for by sum of estimated components 
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NARES-I Organic vs. Carbonate Carbon Flux 
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Figure 4. Flux of calcium carbonate carbon vs. organic carbon for 
a l l  cups. 
Nares site i s  associated with carbonate production 
(coccolithophorid and foraminifa). 

Most of the biogenic particle  f lux at  the 
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NARES-I Organic Carbon vs. Aluminum Flux 
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t h e  f ine-grained te r r igenous  material has been shown t o  
depend on the  biogenic p a r t i c l e  f l u x  which settles rap id ly  
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NARES-I INVERTED VS. DOWNWARD ALUMINUM FLUX 
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Figure 9.  The downward and upward f lux of aluminum a t  NAP-1. 
The upward f lux i s  0.1% of the downward f lux  and 
i ts  variations are not related to the downward flux 
magnitude. 
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-B23- 



n 
L < 
< 

3 

PI 
E 

W 
3 

x 

LL 

U e c 

W 

n 

NAP-I Sediment Accumulation vs. Trap Flux 

102 

10' 

100 
*/- A. 

Addkana Source 
to Sediments 

10-8 I I I I lllll I I I l l l l l l  I I I 1 1 1 1 1 1  1 I I I 1 1 1 1 1  

10-2 10'1 100 10' 102 
ESTIMATED SEDIMENT ACCUM. RATE (ug/cm'/yr) 

Figure 11. The vert ica l  f lux  of  elements a t  4832 compared 
to an estimate of the non-turbidite sedimentation 
rate for the same elements. Components in  the 
upper left half of t h i s  log-log plot are not accu- 
mulating as rapidly as they are set t l ing .  Compon- 
ents on the lower right require an additional 
source to balance their accumulation ra te .  

-B24- 



APPENDIX C 

RADIOCHEMICAL STUDIES AT THE NARES ABYSSAL PLAIN: 

NATURAL RADIONUCLIDE RESULTS 

J. K. COCHRAN AND D. J. HIRSCHBERG 

.. . 



1985 

Annual Report 

Sandia Cont rac t  25-8717 

Radiochemical S tud ies  a t  t h e  Nares Abyssal P l a i n :  
N a t u r a l  Radionucl ide Resu l ts  

3. K i r k  Cochran 
and 

David J .  Hirschberg 

Marine Sciences Research Center  
S t a t e - U n i v e r s i t y  of  New York 

Stony Brook, New York 11794-5000 

-c2- 



Table of Contents 

Page 

1. I n t r o d u c t i o n  ................................................... c 6  

11. Sample C o l l e c t i o n  and Analys is  ................................. C6 

A .  Water Samples .............................................. C6 

c7 6. Sediment Trap Samples ...................................... 
C8 C, Sediment Samples ........................................... 
C8 111. Resu l ts  ........................................................ 

A. Water Column Data .......................................... C8 

C16 8. Sediment Trap Data ......................................... 
C. Sediment Data .............................................. (216 

IV. Discuss ion ..................................................... C22 

A. Thorium Iso tope P r o f i l e s  ................................... C22 

B. Scavenging o f  Th Isotopes .................................. C26 

C. Sediment Trap A c t i v i t i e s  and Fluxes ........................ C28 

C 3 1  D. Sediment Chronologies ...................................... 
C32 * References ..................................................... 

-c3-  



L i s t  o f  Tables 

Tab1 e 

1 

2 

3 

4 

5 

6 

7 

Polypropy lene c a r t r i d g e  b lanks  .......................... 
E x t r a c t i o n  e f f i c i e n c y  o f  Mn02 c a r t r i d g e  s e r i e s  f o r  Th 
i s o t o p e s  (Nares-1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Concent ra t ions  o f  Th i s o t o p e s  on f i l t e r e d  p a r t i c l e s  and 
w a t e r  f r o m  Nares-1 ...................................... 
F r a c t i o n  o f  Th i s o t o p e s  c o l l e c t e d  on 1 pm c a r t r i d g e  
p r e f i l t e r s  (Nares-1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
A c t i v i t i e s  o f  Th i s o t o p e s  and Pb-210 i n  Nares-1 sediment 
t r a p  samples (23"16.3'N, 63"55.4'W, recovered 9/20/84 . . . 
Th i s o t o p e  and Pb-210 f l u x e s  a t  Nares-1 
(23"16.3'N, 63"55.4'W, recovered 9/20/84) . . . . . . . . . . . . . . . 
Radiochemical da ta  f o r  Nares sediments. Core G C - 1  
(23"12.0'N, 63'58.5'W) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Kd va lues  f o r  Am, Pu and Th i s o t o p e s  .................... 

Paqe 

C8 

CS 

c10 

c11 

C17 

C18 

C2 3 

C29 

-Cd- 



List of Figures 

Page!- 

,- 

Figure 

1 

2 

3 

4 

5 

Th-232 ac t iv i ty  (dpm/lOOe) vs. depth a t  Nares. 
Solid symbols = total  act ivi ty  (particulate + dissolved). 
Open symbols = particulate act ivi ty  (1 pni cartridge f i l t e r )  ... c13 

Th-230 ac t iv i ty  (dpm/100e) vs. depth a t  Nares. 
Solid symbols = total  act ivi ty  (par t iculate  + dissolved). 

Th-228 ac t iv i ty  (dpm/lOOe) vs. depth a t  Nares. 
Solid symbols = total  act ivi ty  (par t iculate  t dissolved). 

Radionuclide and bulk fluxes from sediment t r a p  a t  1464 rn 
(Nares-1). Dashed l ines correspond t o  mass-weighted mean 
radionuclide fluxes ............................................ ~ 1 9  

Open symbols = particulate act ivi ty  (1 pm cartridge f i l t e r )  ... 

Open symbols = particulate act ivi ty  (1 pm cartridge f i l t e r )  ... 

C14 

C15 

Radionuclide and  bulk fluxes from sediment trap a t  4832 m 
(Nares-1). Dashed 1 ines correspons t o  mass-weighted mean 
radionuclide fluxes ............................................ ~ 2 0  

Excess Th-230 flux v s .  mass flux in 1464 rn ( t r iangles )  
and 4832 m ( c i r c l e s )  traps a t  Nares-1 .......................... c21 

Excess Th-230 vs. depth in g r a v i t y  core taken a t  Nares-1 ....... c24 



I. I n t r o d u c t i o n  

T h i s  r e p o r t  descr ibes  work accomplished d u r i n g  FY 1986 on samples o f  sea 

water ,  suspended p a r t i c l e s ,  sediment t r a p  m a t e r i a l  and bo t tom sediments 

c o l l e c t e d  from t h e  Nares Abyssal P l a i n .  

September 1984 c r u i s e  EN-121 o f  t h e  R / V  Endeavor was d e s c r i b e d  i n  l a s t  y e a r ' s  

r e p o r t .  Our work on n a t u r a l  r a d i o n u c l i d e s  i s  complementary t o  D r .  Hugh 

L i v i n i s t o n ' s  s t u d i e s  of a r t i f i c i a l  r a d i o n u c l i d e s  on t h e  same samples. 

The sample c o l l e c t i o n  d u r i n g  t h e  

The geochemical f i e l d  program a t  Nares i s  des igned t o  p r o v i d e  i n f o r m a t i o n  

needed f o r  t h e  MkA scavenging model b e i n g  developed by t h e  Phys ica l  

Oceanography Task Group o f  t h e  Seabed Working Group. 

i n f o r m a t i o n  on t h e  p a r t i t i o n i n g  o f  r e a c t i v e  r a d i o n u c l i d e s  between s o l u t i o n  and 

suspended p a r t i c l e s  and on f l u x e s  o f  r a d i o n u c l i d e s  th rough t h e  water  column. 

Data on t h e  fo rmer  a r e  p r o v i d e d  th rough samples taken w i t h  an i n  s i t u  pumping 

system. I n f o r m a t i o n  on t h e  l a t t e r  has come f rom samples f r o m  sediment t r a p s  

deployed a t  Nares (des ignated  Nares-1, l o c a t i o n  23"16.3'N, 63"55.4'W) by O r .  

Jack Dymond's group a t  Oregon S t a t e  U n i v e r s i t y .  

have a l s o  been recovered a t  Nares and enable us t o  c a l c u l a t e  t h e  i n v e n t o r i e s  of 

scavenged r a d i o n u c l i d e s  which a r e  p r e s e n t  i n  bo t tom sediments. 

11. Sample C o l l e c t i o n  and A n a l y s i s  

The model r e q u i r e s  

Box cores and a g r a v i t y  core  

A. Water Samples 

Water samples were c o l l e c t e d  by t h e  WHO1 i n  s i t u  pumping system 

(Winget e t  a l .  1982) which f i l t e r s  l a r g e  volumes o f  water  th rough a Microwynd 

1 pm po lypropy lene c a r t r i d g e  p r e f i l t e r  and two i d e n t i c a l  Mn02-coated 

c a r t r i d g e s .  

p r e v e n t  w e t t i n g ,  they  were prepared f o r  t h e  MnOp 

soap, NaOH and HC1 baths  be fore  b e i n g  p l a c e d  i n  a w a r m  s a t u r a t e d  KMn04 s o l u t i o n  

Because t h e  c a r t r i d g e s  had been t r e a t e d  w i t h  a s u r f a c t a n t  t o  

b y  success ive soaking i n  

-C6- 
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f o r  24 hours. 

Moore (1976) f o r  a c r y l i c  f i b e r s .  

were 3-8 l i t e r s / m i n  and -2000 l i t e r s  were f i l t e r e d  d u r i n g  a t y p i c a l  c a s t .  

The l a t t e r  p o r t i o n  o f  t h e  t rea tmen t  i s  e s s e n t i a l l y  t ha t  used by 
-. 

Flow r a t e s  o f  wa te r  t h rough  t h e  c a r t r i d g e s  

P r i o r  t o  rad iochemica l  a n a l y s i s ,  each c a r t r i d g e  was i g n i t e d  a t  450°C i n  a 

m u f f l e  fu rnace  f o r  -24 hours. Radiochemical a n a l y s i s  was performed on t h e  ash, 

w i t h  i n i t i a l  d i s s o l u t i o n  and rad iochemica l  s e p a r a t i o n  b e i n g  done a t  WHOI f o r  

h a l f  t h e  samples and a t  SUNY-Stony Brook f o r  t h e  remain ing  h a l f .  

d i s s o l v e d  i n  -200 m l  8N HN03 i n  t h e  presence of  229Th, 243Am and 242Pu t r a c e r s .  

A smal l  amount o f  NaN02 was added t o  ensure t h a t  t h e  Pu was a l l  i n  t h e  +4 

o x i d a t i o n  s t a t e .  

column ( B i o r a d  AGlx8 50-100 mesh). 

The ash was 

The sample s o l u t i o n  was passed th rough  a 20 m l  an ion  exchange 

U, Ra and 241Am passed th rough  t h e  column 

w h i l e  Th and Pu were r e t a i n e d .  Th was e l u t e d  w i t h  concen t ra ted  HCl  and Pu was 

e l u t e d  w i t h  concen t ra ted  HC1 + NH41. 

s m a l l e r  HN03 a n i o n  exchange column. Pu and Am were p u r i f i e d  as desc r ibed  i n  

L i v i n g s t o n  e t  a l .  (1975). Mounts f o r  a lpha spec t romet ry  were prepared by 

e l e c t r o p l a t i n g  t h e  p u r i f i e d  Th, Am and Pu f r a c t i o n s  i n  (NH4)$04 s o l u t i o n  

( L i v i n g s t o n  e t  a l .  1975). F i n a l  p u r i f i c a t i o n  and p l a t i n g  was done a t  SUNY f o r  

a l l  Th f r a c t i o n s  and a t  WHOI f o r  a l l  Pu and Am f r a c t i o n s .  The s o l u t i o n  

Subsequent p u r i f i c a t i o n  o f  Th i n v o l v e d  a 

remain ing  a f t e r  t h e  Am s e p a r a t i o n  f rom t h e  e f f l u e n t  o f  t h e  f i r s t  an ion  exchange 

column c o n t a i n s  Ra and has been rese rved  f o r  l a t e r  a n a l y s i s  o f  228Ra by 228Th 

i n  growth. 

B. Sediment Trap Samples 

Approx imate ly  100 mg o f  m a t e r i a l  f rom seasonal sediment t r a p  samples 

were analyzed f o r  ‘l0Pb, Th and Pu i s o t o p e s  and 137Cs. The sample was 

d i s s o l v e d  i n  smal l  amounts o f  HC1, HN03 and HF i n  t h e  presence o f  ‘“Th, 243Am 

and 242Pu t r a c e r s .  An a l i q u o t  c o n s i s t i n g  of -5% o f  t h e  sample was s e t  as ide  

for  ‘l0Pb a n a l y s i s  by 210Po. ’08Po t r a c e r  was added t o  t h i s  f r a c t i o n  and Po 

-c7- 



was p l a t e d  o n t o  s i l v e r  d i s k s  f o l l o w i n g  t h e  method o f  F l y n n  (1968). 

s e p a r a t i o n  and p l a t i n g  o f  t h e  Th, Am and Pu f r a c t i o n s  f o l l o w e d  t h e  procedure 

f o r  t h e  c a r t r i d g e s  o u t 1  i n e d  above. 

Subsequent 

C. Sediment Samples 

Known volumes o f  wet sediment were d r i e d  t o  determine percent  water  

and d r y  b u l k  d e n s i t y .  Subsequent rad iochemical  analyses f o l l o w e d  t h e  procedure 

o f  L i v j n g s t o n  e t  a l .  (1975) f o r  t h e  a r t i f i c i a l  r a d i o n u c l i d e s  and o f  Cochran and 

Krishnaswami (1980) and Cochran (1985) f o r  *l0Pb, 226Ra, Th and U i so topes .  

U n l i k e  t h e  c a r t r i d g e s  and sediment t r a p  samples, d i f f e r e n t  a l i q u o t s  o f  t h e  

sediment samples were analyzed f o r  t h e  man-made and n a t u r a l  r a d i o n u c l i d e s .  

T h i s  was n e c e s s i t a t e d  b y  t h e  d i f f e r e n t  sample s i z e  requi rements f o r  t h e  

procedures (50 g f o r  t h e  a r t i f i c i a l  r a d i o n u c l i d e s  vs.  0.5 g f o r  t h e  n a t u r a l  

r a d i o n u c l i d e s )  and b y  t h e  fundamental d i f f e r e n c e  o f  l e a c h i n g  t h e  sediment i n  

t h e  a r t i f i c i a l  r a d i o n u c l i d e  procedure and t o t a l  d i s s o l u t i o n  f o r  t h e  n a t u r a l  

r a d i o n u c l  i d e  analyses. 

111. Resu l ts  

A. Water Column Data 

The low Th i s o t o p e  a c t i v i t i e s  o f  sea water  make b l a n k  c o r r e c t i o n s  

i m p o r t a n t  even f o r  r e l a t i v e l y  l a r g e  sample volumes. 

( i n c l u d i n g  ones impregnated w i t h  Mn02) were analyzed by t h e  same procedure used 

f o r  samples and t h e  r e s u l t s  a r e  g i v e n  i n  Table 1. 

n e g l i g i b l e  f o r  Pu and 241Am b u t  n o t  f o r  Th. 

Blank c a r t r i d g e s  

Blank c o n t r i b u t i o n s  were 

H igher  va lues  f o r  230Th and 228Th 

r e l a t i v e  t o  232Th a r e  r e l a t e d  t o  smal l  amounts o f  228Th i n  t h e  "'Th t r a c e r  and 

t o  c o n t r i b u t i o n s  f r o m  t h e  '"Th t r a c e r  peak, which comprises a broad m u l t i p l e  

energy peak l y i n g  between t h e  230Th and 228Th peaks. A l l  c a r t r i d g e  da ta  were 

c o r r e c t e d  f o r  these b l a n k  va lues  and t h e  r e s u l t s  a r e  p resented  i n  Tables 2-4. 
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Table 1. Po lypropy lene c a r t r i d g e  blanks. 

P r e t r e a t e d  w i t h  soap, 
NaOH, HC1; loaded w i t h  
Mn02 

P r e t r e a t e d  w i t h  soap, 
NaOH, HC1; loaded w i t h  

P r e t r e a t e d  w i t h  soap, 
NaOH, HC1 

Mn02 

Mean f l a  

232Th 230Th 228Th 
(dpm) (dpm 1 (dpm) 

.018 .037 .066 
k.003 2 .008 t .020 

.022 
?. 005 

.024 
k.011 

.022 
?. 003 

.051 
k ,004 

.059 
2. 002 

.037 
k.011 

.108 
2.019 

.099 
t .008 

.091 
t.022 



Table 2. E x t r a c t i o n  e f f i c i e n c y  o f  Mn02 c a r t r i d g e  s e r i e s  f o r  Th iso topes  
(Nares-1). 

C a r t r i d g e  E f f i c i e n c y  ( % )  

Volume F1 ow 232Th 230Th 228Th Depth F i  1 t e r e d  Rate 
(4 (d ( & / m i  n )  

sur face  

400 

800 

1464 

2540 

3750 

5695 

578 5 

2315.3 

1622.5 

1575.3 

1234.8 

1831.3 

1783.0 

1708.0 

1064.0 

6.4 

6.8 

6.6 

5.1 

7.6 

7.4 

7.1 

4.3 

72.2 
k4.7 

87.0 
k9.3 

84.2 
k5.6 

85.6 
k4.5 

80.0 
t3 .2 

86.1 
k1.8 

84.6 
51.9 

84.0 
k1.8 

97.5 
k1.5 

74.9 
51.5 

90.1 
t5 .9  

87.1 
k1.6 

78.7 
t3 .4  

83.4 
t2 .8  

84.6 
21.5 

77.9 
t1 .4  

88.1 
k1.4 
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Table 3. Concentrations o f  Th isotopes on f i l t e r e d  p a r t i c l e s  and water from 
Nares- 1. 

228Th 
To ta l  Part DI s s  Total 

?32Th 230Th 
Depth Part D i  s s  Total Part D i  s s  
(m) (dpm/1000k) (dpm/1000e) (dpm/1000k) 

Surface .060 
t .005 

.058 
f .006 

.118 
f .008 

.043 
t. 006 

.065 
2.011 

. l o 8  
f.013 

0.90 
k.04 

12.5 
k0.6 

13.4 
20.6 

.210 
k. 020 

0.92 
f.06 

9.17 
5.81 

10.1 
k0.8 

400 

800 

.007 
+.002 

.007 
k. 003 

.014 
f .004 

.034 
2.008 

.176 
k.018 

1.74 
f .08 

.OlO 
f.003 

.007 
k.002 

.017 
f . 004 

.062 
2.009 

.201 
f . 018 

.263 
k. 020 

0.41 
k. 03 

1.33 
k.07 

.032 
f . 010 

.496 
5.041 

.528 
k.042 

0.134 
f.011 

0.851 
f .068 

.985 
f .069 

1464 n.d. n.d. 

.618 
2.031 

0.164 
2.016 

0.601 
2.040 

.765 
k. 043 

2540 .013 
k. 002 

.008 
k. 002 

.021 
f. 003 

.080 
f. 009 

.538 
+. 030 

.013 
f .004 

.039 
5 .007 

.716 
2.049 

,755 
t .049 

0.074 
f . 014 

3.49 
k. 21  

3.56 
k. 2 1  

3750 n.d. .013 
k. 003 

8.19 
f.40 

8.70 
k.40 

5695 .017 
k. 002 

,020 
2.  003 

.037 
&. 004 

.123 
f.011 

.641 
k.036 

.764 
5.038 

0.51 
k.03 

.051 
k.010 

.256 
t.024 

.784 
t. 103 

1.04 
f. 11 

0.73 
k.05 

9.47 
51.03 

10.2 
k l . l  

5785 
(6-60) 

.031 
2.006 

.020 
k. 008 

n.d. - n o t  detectable 
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Table 4.  Frac t ion  o f  Th isotopes collected on 1 urn cartridge prefil ters 
(Nares-1). 

228Th 
P/Cd P/Cd %t . 

232Th 230Th 
Depth (m)  % Part. % Part. P/Cd 

surface 5 1  1.0 40 .66 7 .072 
lt6 -17 -1.4 

400 50 1.0 16 .19 9 .10 
+20 +4 +1 

800 59 1.4 24 .31 24 .31 
+22 +4 -12 

1464 - - 6 .06 14 .16 
t 2  +2 

2540 62 1.6 13 .15 21  .27 
+13 +Z ?2 

3750 - - 5 .05 2 .02 
+1 54 

5695 46 .85 16 .19 6 .06 
+7 22 +4 

5785 61 1.6 25 .33 7 .08 
+17 23 -11 

Mea n .24 .13 
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The a c t i v i t y  of " d i s s o l v e d "  r a d i o n u c l i d e  i s  c a l c u l a t e d  f r o m  t h e  a c t i v i t i e s  

on t h e  two Mn02 c a r t r i d g e s  accord ing  t o  eq. 1 (Mann e t  a l . ,  1984). 

B E = 1 - A  

Where E = e f f i c i e n c y  o f  chemical  e x t r a c t i o n  o f  Th o r  Am f r o m  s o l u t i o n  

B = a c t i v i t y  on t h e  second c a r t r i d g e  

a c t i v i t y  on t h e  f i r s t  c a r t r i d g e .  = 

The e f f i c i e n c i e s  a r e  g i v e n  i n  Table 2. The v a l u e  o f  B f o r  232Th i s  i n  

most cases c l o s e  t o  t h e  b l a n k  v a l u e  making t h e  e f f i c i e n c y  s u b j e c t  t o  l a r g e  

u n c e r t a i n t y .  The e x c e p t i o n  t o  t h i s  p a t t e r n  i s  i n  s u r f a c e  water ,  i n  which t h e  

d i s s o l v e d  232Th a c t i v i t y  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  b l a n k  va lue .  Values 

c a l c u l a t e d  f o r  t h e  e f f i c i e n c y  f o r  230Th, 228Th and 241Am a r e  g e n e r a l l y  g r e a t e r  

than 80% and, f o r  230Th and 228Th, agree w e l l  w i t h  each o t h e r .  

s e n s i b l e  r e s u l t  i n  t h a t  b o t h  t h o r i u m  i s o t o p e s  shou ld  behave c h e m i c a l l y  a l i k e  

w i t h  r e s p e c t  t o  a d s o r p t i o n  o n t o  Mn02. 

T h i s  i s  a 

The h i g h  va lues  o f  t h e  e f f i c i e n c y  suggest t h a t  t h e  i n  s i t u  pumping system 

i s  an e f f e c t i v e  way t o  remove Th and Am from l a r g e  volumes o f  sea water .  

i n t e r e s t i n g  t h a t  Table 2 shows no c l e a r  c o r r e l a t i o n  w i t h  f l o w  r a t e  and t h a t  

It i s  

f l o w  r a t e s  as g r e a t  a s  -8a lmin produce h i g h  e x t r a c t i o n  e f f i c i e n c i e s .  

The a c t i v i t y  o f  r a d i o n u c l i d e  on suspended p a r t i c l e s  i s  c a l c u l a t e d  f rom t h e  

p r e f i l t e r  as "dpm/t w a t e r  f i l t e r e d " .  

f i l t e r s  i t  was n o t  p r a c t i c a l  t o  pre-weigh t h e  f i l t e r s  and determine t h e  mass of  

p a r t i c l e s  f i l t e r e d .  

Because o f  t h e  n a t u r e  o f  t h e  c a r t r i d g e  

D i s s o l v e d  a c t i v i t i e s  were c a l c u l a t e d  from: 

A 
E. V D i s s o l v e d  a c t i v i t y  = ~ 

--C13- 
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-I Where A = a c t i v i t y  on f i r s t  Mn02 c a r t r i d g e  

E = chemical  e x t r a c t i o n  e f f i c i e n c y  (eq. 1) 

V = volume f i l t e r e d .  

These da ta  a r e  g i v e n  i n  Table 3, and a r e  p l o t t e d  i n  F i g s .  1-3, t o g e t h e r  

w i t h  t o t a l  a c t i v i t i e s  c a l c u l a t e d  a s  t h e  sum o f  t h e  a c t i v i t i e s  on t h e  

p r e f i l t e r  and i n  s o l u t i o n .  

" p a r t i c u l a t e "  a c t i v i t i e s  a r e  o p e r a t i o n a l  and a r e  based on t h e  1 pm p r e f i l t e r  

used. 

f i l t e r  ( L i v i n g s t o n ,  pers.  corn . )  suggest t h a t  t h e  fo rmer  i s  more e f f e c t i v e  i n  

f i l t e r i n g  p a r t i c l e s  f r o m  sea w a t e r  than i s  t h e  l a t t e r .  

t h a t  t h e  h i g h e r  t o r t u o s i t y  o f  t h e  c a r t r i d g e  f i l t e r  i s  r e s p o n s i b l e  f o r  f i l t e r i n g  

p a r t i c l e s  o f  somewhat s m a l l e r  d iameter  t h a n  1 pm. 

We emphasize t h a t  o u r  n o t a t i o n  o f  " d i s s o l v e d "  and 

Unpubl ished da ta  comparing a 1 pm c a r t r i d g e  f i l t e r  w i t h  a 1 pm membrane 

Thus i t  seems l i k e l y  

Us ing  o u r  o p e r a t i o n a l  d e f i n i t i o n  o f  d i s s o l v e d  and p a r t i c u l a t e  a c t i v i t i e s ,  

t h e  f r a c t i o n  o f  Th a s s o c i a t e d  w i t h  f i l t e r a b l e  p a r t i c l e s  ( c a l c u l a t e d  as % o f  

t o t a l )  i s  g i v e n  i n  Table 4. 

p a r t i c l e s  t o  t h a t  i n  s o l u t i o n .  T h i s  l a t t e r  va lue  i s  o f  use i n  c a l c u l a t i n g  

scavenging r a t e  c o n s t a n t s  f o r  Th. 

B. Sediment Trap Data 

A lso  g i v e n  i s  t h e  r a t i o  o f  t h e  a c t i v i t y  on 

(See d i s c u s s i o n  below).  

Rad ionuc l ide  a c t i v i t i e s  i n  sediment t r a p  m a t e r i a l  a r e  g i v e n  i n  Table 

5 and a c t i v i t y  f l u x e s ,  c a l c u l a t e d  f rom t h e  s p e c i f i c  a c t i v i t i e s  and t h e  b u l k  

mass f l u x e s ,  a r e  p resented  i n  Table 6. 

c o n s t a n t  w i t h  t i m e  a t  any depth d e s p i t e  v a r i a t i o n s  i n  t h e  b u l k  f l u x e s  and 

v a r i a t i o n s  i n  a c t i v i t y  f l u x e s  a r e  thus  produced by v a r i a t i o n s  i n  b u l k  f l u x e s .  

T h i s  l a t t e r  r e l a t i o n s h i p  i s  w e l l  demonstrated by F i g s .  4-6. 

The s p e c i f i c  a c t i v i t y  i s  e s s e n t i a l l y  

C. Sediment Data 

The g r a v i t y  c o r e  da ta  f r o m  Nares-1 a r e  presented  i n  Table 7 and 

F i g u r e  7. Excess 230Th i s  observed th roughout  t h e  170 cm c o r e  b u t  the  values 
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Table 5. A c t i v i t i e s  o f  Th i so topes  and Pb-210 i n  Nares-1 sediment t r a p  samples 
(23' 16.3'N, 63'55.4'W, recovered 9/20/84). 

Depth CUP 
(m) 

1464 1 

2 

3 

4 

5 

4832 

C o l l e c t i o n  
I n t e r v a l  

(days) 

91  

78 

78 

78 

78 

91  

78 

78 

78 

78 

232Th 230Th 228Th 'l0Pb 
dpm/q 

0.85k.19 3.132.42 27.652.5 179514 

0.455.06 3.982.39 33.4k2.4 206k14 

0.98t.14 3.45k.32 25.9k1.7 2 6 7 9 1  

1.465.21 4.092.42 33.3k2.4 260k20 

0.935.09 2.872.18 31.951.3 231k21 

1.51t.11 8.02k.36 29.351.1 454529 

1.415.11 7.83k.35 23.820.9 438533 

1.51k.13 9.225.45 25.821.1 388525 

1.73k.22 10.2k0.8 27.552.0 499531 

1.465.21 10.65.9 31.1k2.4 465530 
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Table  6. Th i s o t o p e  and Pb-210 f l u x e s  a t  Nares-1 
(23"16.3'N, 63"55.4'W, recovered 9/20/84). 

"Pb 
dprnlcm2y 

Mass Flux 232Th 230Th* 228Th 
d pm/ cm2 ky Depth ( m )  CUP (mg/cm2y) 

1464 1 .425 .36 1.33 11.7 .076 

4832 

2 1.431 

3 .839 

4 .630 

5 .773 

Mean Annual F lux .807 

1 1.003 

2 1.207 

3 .852 

4 ,809 

5 1.639 

Mean Annual F lux 1.10 

.64 

.82 

.92 

.72 

.68 

1.51 

1.70 

1.29 

1.40 

2.39 

1.65 

5.70 47.8 

2.89 21.7 

3.43 27.9 

2.22 24.6 

3.06 26.3 

8.04 29.4 

9.45 28.7 

7.86 22.0 

8.25 22.2 

17.4 51.0 

10.1 30.6 

.295 

.224 

.164 

.179 

.184 

.455 

,529 

.331 

.404 

.762 

.495 

*Product ion from decay i n  w a t e r  column 
@1464 = 3.8 dpm/cm2ky 
(34832 = 12.6 dpm/cm2ky 
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are low and the variation with depth i s  irregular. Water content values are 

also low for  pelagic sediments and  dry bulk densities are correspondingly 

large. 

the Nares area (Thomson e t  a l .  1984) and sediment accumulation rates cannot be 

The d a t a  are consistent w i t h  the presence of turbidite sedimentation in 

reliably determined from Fig .  7. 

IV. Discussion 

A. Thorium Isotope Profiles 

The thorium isotope profiles (Figs. 1-3) ref lect  the sources of each 

isotope t o  the oceans. 

oceans by rivers and  the atmosphere. 

associated w i t h  particles a n d  dissolved 232Th a t  Nares i s  c.02 dpm/1000 kg.  

This result  i s  in agreement with Huh and Bacon's (1985) measurements of 232Th 

232Th i s  n o t  produced i n  s i t u  b u t  i s  added t o  the 

Most of the 232Th i n  sea water i s  

in the Caribbean. A notable exception t o  t h i s  pattern i s  seen i n  the surface 

waters where the dissolved 232Th i s  as great as 0.2 dpm/1000a. The dissolved 

232Th seems t o  vary w i t h  location and i s  greater a t  the Hatteras E-N3 low level 

s i t e  t h a n  a t  Nares. The pattern of h i g h  dissolved 232Th in surface waters also 

was observed by Huh and Bacon (1985). 

undoubtedly contribute 232Th t o  the surface ocean, with the former more 

B o t h  riverine and atmospheric sources 

important t h a n  the l a t t e r .  

dissolved 232Th i s  rapidly removed from the surface ocean w i t h  values 

Both the Hatteras and  Nares s i t e s  show t h a t  

decreasing by a b o u t  an order of magnitude between the surface and 400 m.  A t  

depth i n  the water column the 232Th profiles show variations which are related 

t o  advective transport a n d  t o  resuspension near the bottom. These features are 

apparent in the particulate 232Th maxima a t  700 and 4000 m a t  Hatteras a n d  near 

the  bottom a t  b o t h  s i t e s .  The increase in near-bottom particulate 232Th i s  

probably related t o  resuspension o r  near-bottom sediment transport, a process 

w h i c h  i s  more active a t  Hatteras t h a n  a t  Nares ( for  example see sediment trap 

d a t a  from Cochran a n d  Hirschberg, 1984). 
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Table 7. Radiochemical da ta  f o r  Nares sediments. 
Core G C - 1  (23"12.0'N, 63'58.5'W) 

Dry b u l k  
Depth i n  d e n s i t y  230Th 
core  (cm) (g/cm3) 238" 234" 

230Th 230Th x s  

6.5-8.5 

19-21 

29-31 

39-41 

57-59 

74-76 

87-89 

97-99 

117-119 

134-136 

150-152 

166-168 

0.78 

0.91 

0.92 

0.95 

0.72 

1.07 

0.65 

0.87 

1.10 

1.22 

0.69 

0.78 

1.62 
2.30 

5.38 

5.38 

1.64 

1.62 

1.75 
k.31 

1.57 
f.23 

1.74 
5.31 

2.13 
k .21 

2.25 
f. 16 

k.32 

1.42 
5.36 

5.31 

1.46 

1.66 

1.60 
2.37 

1.47 
2.32 

1.78 
2.36 

1.30 
5.47 

1.45 +. 37 

1.65 
f.23 

f.30 
1.82 

1.84 
k.22 

2.23 
2.16 

1.38 
2.39 

1.19 
5.48 

1.35 
2.35 

1.36 
t .49 

3.72 
2.24 

3.19 
2.14 

3.24 
5.38 

2.99 
2.39 

3.71 
k.44 

2.40 
f. 19 

4.49 
f. 16 

3.09 
2.24 

2.16 

t. 15 

k.25 

5. 16 

2.52 

2.62 

3.17 

3.27 

7.98 
2. 10 

4.47 
f. 10 

5.21 
2.20 

3.70 
k.29 

5.73 
5.26 

3.02 
f. 15 

6.59 
2.10 

8.28 
2.06 

2.13 
k.20 

2.31 
f.39 

3.25 
f.23 

4.67 
5.10 

6.51 
k.34 

2.69 
2. 37 

3.91 
5.51 

2.25 
k.47 

4.08 
5.35 

1.20 
k.34 

4.75 
2.24 

6.05 
f. 17 

0.75 
k.44 

1.12 
5.62 

1.90 
k.42 

3.31 
k. 50 

1.75 
5.15 

0.84 
f. 12 

1.21 
k.21 

0.75 
k. 18 

1.10 
f. 16 

0.50 
5.15 

2.07 

5.16 

k.18 

0.43 
5.24 

0.60 
5. 14 

1.01 
5.16 

1.06 

1.96 

0.30 
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U n l i k e  t h e  P a c i f i c  

i n  d i s s o l v e d  232Th 

g r a d i e n t s  i n  232Th 

Unl i ke 232Th, 

Ocean (Nozaki e t  a l .  1981) t h e r e  i s  no w e l l  def ined inc rease 

n e a r  t h e  bo t tom a t  o u r  A t l a n t i c  s i t e s .  I n s t e a d  t h e  

seem s t r o n g l y  l i n k e d  t o  p a r t i c u l a t e  g r a d i e n t s .  

230Th and 228Th a r e  b o t h  produced i n  s i t u  f r o m  decay o f  

s o l u b l e  234U and 228Ra, r e s p e c t i v e l y .  T h e i r  d i s t r i b u t i o n s  ( F i g s .  2-3) r e f l e c t  

these sources. The p r o d u c t i o n  o f  228Th i s  g r e a t e s t  i n  t h e  n e a r  s u r f a c e  and 

near bot tom waters  where t h e  a c t i v i t i e s  o f  228Ra a r e  g r e a t e s t .  

s u r f a c e  a c t i v i t y  o f  228Ra decreases s t r o n g l y  away f r o m  t h e  c o n t i n e n t a l  s h e l f  

Indeed, t h e  

(Broecker e t  a l .  1973) and t h i s ,  r a t h e r  t h a n  v a r i a t i o n s  i n  t h e  228Th removal 

r a t e  i n  sur face  waters ,  i s  p robab ly  t h e  e x p l a n a t i o n  f o r  t h e  g r e a t e r  s u r f a c e  

228Th a c t i v i t i e s  a t  t h e  H a t t e r a s  s i t e  (E-N3). Because 232Th a c t i v i t i e s  o f  

bot tom sediments a r e  s i m i l a r  a t  t h e  two s i t e s  a t  H a t t e r a s  t h e  bot tom source of 

228Ra should be s i m i l a r  and t h i s  i s  r e f l e c t e d  i n  t h e  comparable near-bot tom 

a c t i v i t i e s  o f  228Th. 

The p r o d u c t i o n  o f  230Th i s  un i form th roughout  t h e  water  column and i s  i n  

p a r t  r e s p o n s i b l e  f o r  t h e  shape o f  t h e  230Th p r o f i l e .  D i s s o l v e d  and p a r t i c u l a t e  

230Th g e n e r a l l y  i n c r e a s e  w i t h  depth t o  h i g h e s t  va lues  near  t h e  bottom. The 

increase i s  n o t ,  however, monotonic, and except ions  occur  as i n  t h e  s u r f a c e  

water  a t  H a t t e r a s  and t h e  l o c a l  p a r t i c u l a t e  230Th maximum-dissolved 230Th 

minimum a t  4028 m a t  t h e  same s t a t i o n .  The l a t t e r  c o i n c i d e s  w i t h  a maximum i n  

p a r t i c u l a t e  232Th d a t a  and may be an a d v e c t i v e  f e a t u r e .  The 230Th data  do 

d i s p l a y  s i g n i f i c a n t  d i f f e r e n c e s  f rom those o f  Nozaki e t  a l .  (1981) i n  t h e  Nor th 

P a c i f i c .  

( $ 1  dpm/1000 kg vs 2 dpm/1000 kg)  and a c t i v i t i e s  which are  n e a r l y  cons tan t  

These i n c l u d e  g e n e r a l l y  lower  t o t a l  230Th a c t i v i t i e s  i n  t h e  A t l a n t i c  

(-0.6-0.7 dpm/1000kg) below -2000 m. Increases i n  t o t a l  230Th near  t h e  bottom 

a r e  l a r g e l y  l i n k e d  t o  inc reases  i n  p a r t i c u l a t e  230Th, p o s s i b l y  r e l a t e d  t o  

resuspension. Our 230Th p r o f i l e s  a t  H a t t e r a s  and Nares a r e  s i m i l a r  t o  t h a t  o f  
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Bacon (1984) nea r  Bermuda, so t h e  f e a t u r e s  we observe seem t o  be general  ones 

o f  t h e  no r thwes t  A t l a n t i c .  I n  t h e  o p p o s i t e  sense, l ower  230Th a c t i v i t i e s  a re  

observed i n  ocean ic  marg in  reg ions  such as t h e  e a s t e r n  A t l a n t i c  (Mangini and 

Key, 1984) and Panama B a s i n  (Bacon and Anderson, 1982). 

x 

B .  Scavenging o f  Th Iso topes  

Nozaki e t  a l .  (1981) and Bacon and Anderson (1982) have shown t h a t  

t h e  genera l  i nc rease  i n  p a r t i c u l a t e  and d i s s o l v e d  230Th w i t h  depth  i s  

c o n s i s t e n t  w i t h  a v e r t i c a l  scavenging model i n  wh ich  s i n k i n g  p a r t i c l e s  

p r o g r e s s i v e l y  accumulate 230Th as they  s i n k  b u t  a l s o  m a i n t a i n  a s o r p t i o n  

e q u i l i b r i u m  w i t h  t h e  s o l u t i o n .  

ocean i n  which i sopycna l  t r a n s p o r t  i s  o c c u r r i n g ,  and we have a l ready  suggested 

Th is  approach i s  l e s s  v a l i d  i n  areas o f  t h e  

t h e  p o s s i b i l i t y  of such f e a t u r e s  i n  t h e  Th p r o f i l e s .  However, sediment t r a p  

r e s u l t s  (d i scussed  f u r t h e r  be low)  show t h a t  -80% o f  t h e  230Th produced i n  the  

water  column a t  H a t t e r a s  o r  Nares i s  recovered i n  t h e  t r a p s ,  i n d i c a t i n g  t h a t  

v e r t i c a l  processes a r e  a l s o  q u i t e  i m p o r t a n t  a t  t hese  s i t e s .  

Assuming t h a t  t h e  i n t e r a c t i o n s  between Th i n  s o l u t i o n  and on p a r t i c l e s  i s  

f i r s t  o r d e r  w i t h  r e s p e c t  t o  t h e  Th c o n c e n t r a t i o n  g i v e s  t h e  equa t ion :  

P =  dC klCd - ( A  + k2)Cp 
d t  

Where k l  = r a t e  cons tan t  f o r  a d s o r p t i o n  ( y - ' )  

k2  = r a t e  cons tan t  f o r  d e s o r p t i o n  

A = decay cons tan t  

= a c t i v i t y  on p a r t i c l e s  (dpm/volume s o l u t i o n )  
cP 
c d  = a c t i v i t y  i n  s o l u t i o n  (dpm/volume s o l u t i o n )  

A t  s teady s t a t e ,  

(3) 
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and f o r  l o n g  l i v e d  r a d i o n u c l i d e s  such t h a t  k2 > > A ,  

C k l  
<=. ;  

(5) 

The r a t e s  C / C  

c o e f f i c i e n t  (Kd) as :  

i s  r e l a t e d  t o  t h e  commonly measured geochemical d i s t r i b u t i o n  
P d  

Where P = c o n c e n t r a t i o n  of  p a r t i c l e s  ( g  p a r t i c l e s / c m 3  s o l u t i o n ) .  

Because t h e  Th i s o t o p e s  have markedly  d i f f e r e n t  h a l f - l i v e s ,  i t  i s  p o s s i b l e  

t o  determine kl and k2 u n i q u e l y .  

Bacon and Anderson (1982) f o r  230Th and 234Th. 

i m p l i e s  t h a t  t h e  r a t i o  o f  C / C  

f o r  230Th. 

T h i s  approach has been used s u c c e s s f u l l y  by 

F o r  230Th and 228Th, eq. 4 

f o r  228Th should be l e s s  than o r  equal t o  t h a t  
P d  

Indeed, combining eq. 4 f o r  228Th and eq. 5 f o r  230Th produces: 

(Cp/Cd)230 = (1 + A228) (cp/cd)228 (7) 

k2 

Values o f  C / C  f o r  230Th and 228Th a r e  t a b u l a t e d  i n  Tab le  4 and show t h a t  
P d  

(cp/cd)228 2 (cp/cd)230 f o r  s u r f a c e  and near-bot tom water .  Cont ra ry  t o  

p r e d i c t i o n ,  t h e  r e l a t i o n s h i p  i s  reversed f o r  mid-depths. 

e x p l a n a t i o n  f o r  t h i s  f e a t u r e  i s  t h a t  whereas 230Th i s  produced throughout  t h e  

A p o s s i b l e  

water  column, 228Th p r o d u c t i o n  i s  q u i t e  low a t  mid-depths due t o  t h e  v e r y  low 

228Ra t h e r e  (Moore e t  a l .  1985). Thus t h e  228Th i n  s o l u t i o n  a t  mid-depths i s  

a lmost '  comple te ly  d e r i v e d  from r e l e a s e  f r o m  s i n k i n g  p a r t i c l e s .  230Th i n  
234" 

s o l u t i o n  a t  mid-depths i s  d e r i v e d  b o t h  f r o m  s i n k i n g  p a r t i c l e s  and f rom 

decay i n  s o l u t i o n .  

App ly ing  eq. 7 t o  depths below -4000 m y i e l d s  va lues  f o r  k l  o f  .01-.04 a t  

Nares and .06-.51 a t  H a t t e r a s  and va lues  f o r  k of  .12-.24 a t  Nares and .lo-1.5 2 
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A.-- 

. -  

a t  Hat te ras .  

scavenging due t o  a b e t t e r  developed bo t tom n e p h e l o i d  l a y e r  a t  t h a t  s i t e .  

The g e n e r a l l y  h i g h e r  va lues  a t  H a t t e r a s  may r e f l e c t  more r a p i d  

Values o f  Kd may be c a l c u l a t e d  f r o m  t h e  C /C r a t i o  f o r  230Th and Tab le  8 

The va lues  were c a l c u l a t e d  assuming a suspended p a r t i c l e  
P d  

shows these r e s u l t s .  

c o n c e n t r a t i o n  o f  -10 pg/1. A l s o  i n c l u d e d  a r e  Kd va lues  f o r  241Am and 

c a l c u l a t e d  f r o m  D r .  Hugh L i v i n g s t o n ' s  data.  

and t h e  v a l u e  f o r  Am i s  s i m i l a r .  

than Pu. 

t h e  Mn02 c a r t r i d g e s  b u t  o n l y  weak uptake o f  Pu. 

239, 24OPu 

Th i s  c h a r a c t e r i z e d  by a h i g h  Kd 

Both elements a r e  d i s t i n c t l y  more r e a c t i v e  

T h i s  sequence i s  c o n s i s t e n t  w i t h  t h e  s t r o n g  r e t e n t i o n  o f  Am and Th on 

C. Sediment Trap A c t i v i t i e s  and F luxes 

The sediment t r a p  da ta  g iven i n  Table 5 show t h a t  t h e  s p e c i f i c  

a c t i v i t y  o f  t h e  r a d i o n u c l i d e s  measured i s  n e a r l y  c o n s t a n t  i n  t r a p  samples 

c o l l e c t e d  a t  any g i v e n  depth.  

2-10 i n  b u l k  mass f l u x e s  o v e r  t ime.  Thus t h e  a c t i v i t y  f l u x  i s  c o n t r o l l e d  by 

t h e  b u l k  f l u x  as shown f o r  t h e  two Nares t r a p s  i n  F i g .  6. 

o b s e r v a t i o n  was made by Hugh L i v i n g s t o n  f o r  An and Pu and by Bacon (1985) f o r  

T h i s  i s  so i n  s p i t e  o f  v a r i a t i o n s  o f  a f a c t o r  o f  

A s i m i l a r  

t r a p  samples f rom a s t a t i o n  n e a r  Bermuda. 

The s p e c i f i c  a c t i v i t i e s  o f  t h e  sediment t r a p  m a t e r i a l  a l s o  change i n  a 

s e n s i b l e  way w i t h  depth.  230Th and 'l0Pb a c t i v i t i e s  i n c r e a s e  as s i n k i n g  

p a r t i c l e s  c o n t i n u e  t o  p i c k  up  these r a d i o n u c l i d e s  which a r e  produced th roughout  

t h e  water  column. 

228Th a c t i v i t y  r e f l e c t s  t h e  f a c t  t h a t  these t r a p s  a r e  o u t  o f  t h e  s u r f a c e  zone 

For t h e  two Nares t r a p s ,  t h e  r e l a t i v e  l a c k  o f  change i n  

o f  h i g h  228Th p r o d u c t i o n .  P a r t i c l e s  s i n k i n g  f rom 1464 m t o  4832 m a r e  p i c k i n g  

up l i t t l e  a d d i t i o n a l  228 Th f r o m  sea water .  

A check on t h e  a b i l i t y  o f  t h e  t r a p s  t o  c o l l e c t  t h e  p a r t i c u l a t e  f l u x  i s  

p r o v i d e d  by t h e  measured f l u x e s  of  230Th. We know f r o m  t h e  w a t e r  column data  

t h a t  t h i s  i s o t o p e  i s  a lmost  comple te ly  scavenged f r o m  sea w a t e r  and we a l s o  
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Tab le  8. Kd va lues  f o r  Am, Pu and Th iso topes .  

' N u c l i d e  

Nares (Nares-1) 

230Th 

228Th 

241Am 

239 ,24OPu 

H a t t e r a s  (E-N3) 

230Th 

228Th 

241Am 
239 ,24OPu 

.24 

.13 

.065 

.016 

.24 

.19 

.10 

.009 

2.4 lo7  

1.3 l o 7  
6.5 x l o 6  
1.6 x l o 6  

2.4 l o 7  
2.0 l o 7  
1.0 l o 7  

8 x l o 5  

R a t i o  o f  p a r t i c u l a t e  (1 urn c a r t r i d g e  f i l t e r )  t o  d i s s o l v e d  
r a d i o n u c l i d e .  Am and Pu data a r e  from D r .  Hugh L i v i n g s t o n  
(WHOI ) .  

C a l c u l a t e d  u s i n g  p a r t i c l e  c o n c e n t r a t i o n  o f  10 pg/kg 
measured by D r .  Jack Dymond. 
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know i t s  r a t e  o f  p r o d u c t i o n  f r o m  234U decay. 

recover  about  80% o f  t h e  230Th removed f r o m  sea w a t e r .  

v e r t i c a l  processes a t  t h e  t r a p  s i t e  then t h e  t r a p s  a r e  -80% e f f i c i e n t  a t  

As shown i n  Tab le  6, t h e  t r a p s  

I f  t h i s  removal i s  by 

c o l l e c t i n g  t h e  p a r t i c u l a t e  f l u x .  A l t e r n a t i v e l y  some o f  t h e  230Th may be 

t r a n s p o r t e d  h o r i z o n t a l l y  and removed a t  s i n k s  d i s t a n t  f ron i  t h e  Nares Abyssal 

P l a i n  as suggested by Anderson e t  a l .  (1983).  

ba lance a t  t h e  Nares s i t e  i s  p r o v i d e d  b y  comparing t h e  t r a p  f l u x e s  w i t h  t h e  

230Th accumulat ion i n  t h e  sediments t h e r e .  

A f i n a l  check on t h e  230Th 

The e x t e n s i v e  emplacement of  

t u r b i d i t e s  a t  t h e  s i t e  p revents  t h i s  comparison, however. 

The o b s e r v a t i o n s  o f  1) n e a r l y  complete scavenging o f  230Th by t h e  l a r g e ,  

r a p i d l y  s e t t l i n g  p a r t i c l e s ,  2 )  t h e  c o n s t a n t  s p e c i f i c  a c t i v i t y  o f  those 

p a r t i c l e s  and 3 )  t h e  d i r e c t  r e l a t i o n s h i p  between t h e  a c t i v i t y  f l u x  and b u l k  

f l u x  can be e x p l a i n e d  by a two s tage scavenging mechanism i n v o l v i n g  smal l  

suspended p a r t i c l e s  and l a r g e  s e t t l i n g  p a r t i c l e s .  React ive  n u c l i d e s  become 

a s s o c i a t e d  w i t h  t h e  suspended p a r t i c l e s  b y  t h e  s o r p t i o n  mechanism d iscussed 

e a r l i e r .  

i s  s e t  by t h e  Kd o f  t h e  r a d i o n u c l i d e  and t h e  c o n c e n t r a t i o n  o f  p a r t i c l e s .  

s m a l l  p a r t i c l e s  and a s s o c i a t e d  r a d i o n u c l i d e  a r e  removed f rom t h e  water  column 

by i n c o r p o r a t i o n  i n t o  l a r g e  r a p i d l y  s i n k i n g  p a r t i c l e  aggregates and t h i s  

The s p e c i f i c  a c t i v i t y  o f  these p a r t i c l e s  ( n o t  determined i n  o u r  work)  

These 

process may occur  b i o l o g i c a l l y  th rough g r a z i n g  and f e c a l  p e l l e t  p r o d u c t i o n  o r  

p h y s i c a l l y  th rough t h e  c o l l i s i o n  o f  l a r g e  p a r t i c l e s  by s m a l l  ones (McCave, 

1984). 

from s o l u t i o n  do so b u t  o n l y  th rough t h e  i n c o r p o r a t i o n  o f  s m a l l  p a r t i c l e s ,  t h e  

s p e c i f i c  a c t i v i t y  o f  t h e  l a r g e  p a r t i c l e s  should remain c o n s t a n t  a t  any g i v e n  

depth ( p r o v i d e d  each " l a r g e "  p a r t i c l e  i n c o r p o r a t e s  a f i x e d  amount of " s m a l l "  

p a r t i c l e s ) .  

small p a r t i c l e s  and t h u s  the g r e a t e r  t h e  f l u x  o f  r e a c t i v e  r a d i o n u c l i d e s .  T h i s  

I f  t h e  l a r g e  p a r t i c l e s  do n o t  t a k e  up r e a c t i v e  r a d i o n u c l i d e s  d i r e c t l y  

The g r e a t e r  t h e  f l u x  of l a r g e  p a r t i c l e s ,  t h e  g r e a t e r  t h e  uptake of  
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scheme represents a modification of the MkA geochemical model i n  t h a t  the large 

particles seem t o  be serving only a s  collectors of small particles rather t h a n  

sorbing radionuclides directly.  I t  i s  important t o  note however that large 

particles such as t e s t s  or t issue may incorporate radionuclides as the 

particles form in surface waters. Such incorporation would n o t  be seen w i t h  

230Th which i s  produced mainly a t  depth. 

D: Sediment chronologies 

Figure 7 shows the resul ts  of excess 230Th determinations on the long 

(-1.8 m) gravity core taken d u r i n g  the 1984 cruise t o  Nares. 

show regular decreases w i t h  depth b u t  instead show alternating zones of h i g h  

a c t i v i t y  a n d  low act ivi ty .  

these results and the d a t a  are similar to  those of Thomson e t  a l .  (1984).  

i rregular 230Th decreases observed by Thomson e t  a l .  (1984) i n  cores from the 

Nares area led them t o  conclude t h a t  turbidi te  sedimentation strongly affects  

the stratigraphy of the s i t e .  

much a s  170 cm of sediment must have been deposited relatively rapidly, perhaps 

The d a t a  do n o t  

No meaningful accumulation rate can be derived from 

The 

We concur i n  t h a t  conclusion a n d  f i n d  t h a t  as 

in ser ies  of turbidites separated by poorly defined periods of pelagic 

sedimentation. 
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Introduction 

In the past year, the major effort has involved analytical work on 
samples collected in the water column at the Nares Abyssal Plain study site 
for the Subseabed Disposal Program. These samples included large volume 
water samples, large volume filtered particulates and soluble phase concen- 

trates collected by in-situ electrical pumps and sediment trap samples col- 
lected at the Nares-1 mooring in Dr. J. Dymond’s traps. In addition, further 

radiochemical analyses were completed of the Nares sediment cores for which 

Pu, 13’Cs and 210Pb data were reported last’year. New data for surficial 

241Am concentrations were obtained. 
All of these data describe in a comprehensive (albeit incomplete) man- 

ner, the distribution of fallout transuranics and 137Cs in the water column 
(including particle-associated phases) and sediments at the Nares site. 
Their significance to the Subseabed Disposal Program is that they define 
several of the parameters necessary to build a geochemical scavenging com- 

ponent into the physical modelling effort of the program. These parameters 
are not restricted to the specific nuclides involved. 

natural series nuclides (Th and Pb) studied by Dr. J. K. Cochran at S.U.N.Y., 
the suite of nuclides studied span a range of chemical reactivities with 
respect to scavenging, and in many instances are critical radionuclides in 

high level waste forms - or represent very close chemical relatives of crit- 
ical nuclides. So the data set will be applicable to the selection of geo- 
chemical modelling parameters which are realistic and based on real oceanic 

measurements as opposed to laboratory experiment extrapolations. 

Together with the 

A recent, and somewhat surprising, development in the application of 

bomb fallout nuclide studies at the Nares site to the Subseabed Program, is 
in applicability of these measurements as deep water tracers of the inter- 

action of the deep Western Boundary Current with the deep gyre interior at 
the Nares Site. As this interaction is a key component of the deep mixing 
processes responsible for dispersal of a waste signal introduced to the 
bottom water in the gyre interior, tracers which can set constraints on the 
rates of such processes will provide a highly relevant input to the deep 
circulation modelling effort. For several reasons, these fallout nuclear 
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measurements will be a highly significant addition to the ret of tritium 

measurements planned to study the boundary current/gyre interior interaction. 

Firstly, our measurements of a deep water atmospheric advective tracer signal 

at the Nares site in 1984 represent the earliest unequivocal detection of 
such a signal there. 
137Cs signal offer the potential for detecting low level tracer signals at 
sensitivities one to two orders of magnitude greater than have been used to 
date. This potential could be used to define the deep tracer distribution 
in the Nares region with significantly increased precision than will be 
possible from the tritium measurements. 

Secondly, new techniques of measurement of a deep 

Fallout Nuclides in the Water Column at Nares-1 

1. Large Volume Water Samples 
A general description of the distribution of fallout tracers in the 

water column at the Nares Abyssal Plain site comes from radiochemical analy- 
ses of the 60-liter samples collected with Niskin bottles on ENDEAVOR-121 
cruise in September 1984. From these samples we have completed analyses for 

137Cs and 239'240Pu (and a limited number of analyses). These data can 
be compared with the distribution of the various water masses which they 

characterize and are a basic data set to which the associated data on acti- 
nide associations with both fine and large particles are referenced. The 

radiochemical results are listed in Table 1 together with their associated 

hydrographic data. The depth distributions of the two radioelements are 
plotted in Figure 1. The major fraction of the inventories of both radio- 

elements is in the water masses of the upper water column, i.e. above the 

deep water. 21% of the total 137Cs and 31% of the 239'240Pu is in the - 

deep water. This distribution argues for advective supply of the deep 137Cs 
tracer and of much of the 239*240Pu. 
chemical scavenging of Pu is concerned, is that its advective supply to the 
deep water is substantially more than the supply in association with sinking 
particulates. 

attached to the determination of the deep 137Cs signal, independent evidence 

The importance of this, as far as geo- 

Since this conclusion rests heavily on the reliability which can be 
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of the existence of a deep advective atmospheric signal was sought. 
comparison of the temperature and salinities measured in the large volume 
Niskin samples with T-S characteristics of the Nares site - both measured in 
1984 and historically - showed that no contamination of the samples with 
ehallower , high tracer water had occurred. Secondly, measurements were 
made on some of the ENDEAVOR-121 deep water samples. 
with low particle reactivity, its presence in deep water would be clear con- 

firmation of an advective supply. 
surement of the very low concentration expected, the strontium isolates from 

the five deepest samples were combined for radiochemical analysis. The pre- 
liminary result of this analysis is a mean concentration of 0.8 dpm/100 Kg. 

This value seems consistent with the range of deep 137Cs values in Table 1 
(given the fallout 137Cs/90Sr ratio of 1.5). 

A further piece of evidence which adds confidence to the detection of a 

Firstly, 

As a fallout tracer 

To facilitate the precision of the mea- 

deep advective signal comes from inspection of deep tritium values reported 

in the region from TTO samples collected in 1981 (Ostlund, University of 
Miami, Tritium Laboratory, Data Release t81-35). The distribution of a deep 

tritium signal in water of Western Boundary Undercurrent origin is confined 
to positions nearer the exterior of the gyre, near the Antilles Arc. The 

deep tritium data in the interior in 1981 - at the Nares study site - are 
represented by TTO Station 24 and are plotted in Figure 2. Only one sample, 
at 4584 m, contained enough tritium to be distinguishable from zero. To 

compare our measurements of deep 137Cs concentrations to tritium, it is 
necessary to apply an appropriate conversion. Referenced to 1981, a ratio 

of 6 was used for the ratio 137Cs (dpm/100 Kg)/Tritium Units (81 TU). This 
number characterized 1972 Greenland Sea Deepwater (GEOSECS Data Reports) and 

Denmark Strait Overflow in 1972 (Livingston et al., J. Geophys. Res. 90, 6971 
(1985)). As such, it seems an appropriate value to use for water advected to 

the south by 1984. The solid circles and line in Figure 2 represent our 1984 

137Cs data at Nares converted to tritium. 
data are not trivial, it seems clear that the average values in the deep 
water below 3000 m are elevated over those seen in 1981 but at a level con- 
sistent with that observed in 1981 at 4584 m. 
1985 cruise to confirm further, and document, this deep signal. 

Although the uncertainties in the 

We plan further work on the 
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The data for the upper part of the Nares water column fallout tracers 
show two subsurface maxima - one in the 0-1000 m range and one in the 1000- 
2000 m range. The shallower maximum is clearly the expression at the Nares 

site of the tracer maximum at this density in the Sargasso Sea for Subtropi- 
cal Mode water described by Jenkins (J. Har. Res. 38, 533 (1980)). The 
deeper maximum, though usually associated with Mediterranean water, is 
believed by Jenkins to derive its tracer properties from a more northerly 
source. Certainly it is possible to produce its properties by suitable mix- 

ing of Labrador Sea water with Mediterranean outflow water from the eastern 
North Atlantic basin. 

When the 137Cs and Pu profiles in Figure 1 are compared, there is no 
imediate sense of Pu transport relative to 137Cs - except for the slightly 

239,240pu/137cs deeper Pu maximum in the upper 1000 m. 
ratio (0.019 referenced to 19841, it is possibly to convert the observed 137Cs 

distribution to that which would obtain for 239*240~u if no preferential geo- 
chemical vertical transport were taking place. In Figure 3 the solid line is 

the plot of such a conversion. The measured values lie at substantially 
lower values in the upper 700 m indicating that scavenging has removed a 

substantial fraction of the upper ocean inventory. It is not clear from the 
limited data set whether this deficiency is balanced by an excess between 

700 and 2000 m, although the 1464 m measured value does indicate an excess 

over the converted 137Cs value. 
iency is not transferred to the deep water as the deep water Pu inventory 

only marginally exceeds that obtained by conversion of the 137Cs inventory. 

supply of 239'240Pu to the deep water - together with 137Cs and similar 
tracers. 
paring the relative amounts of 239'240Pu and 137Cs in the deep water with 
those which would characterize the advective source waters. Denmark Strait 
overflow water sampled in 1972 at GEOSECS 11 was characterized with a mean 
239'240Pu/137Cs ratio of 0.017 decay corrected to 1984 (Livingston et al., 
WHO1 Tech. Rept. 85-19). Deep water sampled in 1980 close to the Western 
Boundary Undercurrent off Cape Hatteras had a mean ratio of 0.018 - from data 
from a station at the EN-2 site of the low-level waste ocean disposal program 

Knowing the fallout 

What does seem clear is that the defic- 

This conclusion means that advection is being proposed as the major 

Arguments can be advanced which support this proposition by com- 
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(Livingston et al., 1983 Annual Report, Sandia Labs). The mean value in the 

deep water at the Nares site is 0.023. 
slightly greater than those which could be viewed to characterize the source 
water which is being advected into the gyre interior at the Nares site, sug- 
gests very strongly that vertical transport need account for a minor fraction 
of the deep Nares Pu inventory. As was indicated last year, the Nares sedi- 
ments contain extremely low levels of fallout Pu and thus do not represent a 

sink for the upper water column deficiency. It seems, therefore, that the 
scavenging and vertical transport of fallout Pu is chiefly taking place in 
the main thermocline at present. 

The fact that this value is only 

2. In Situ Pump Samples 

a. Total 241Am analyses 
The very large (1000-2000 liter) samples obtained using our wire 

mounted, electrically-powered pumping systems permitted the analyses of nuc- 
lides associated with the filtered fine-particle phase and those in the sol- 
uble phase collected by the Hn02 chemisorbers in series behind the filters. 
In addition to the Th isotope data reported by Dr. J. K. Cochran, we have 
completed analyses for 239'240Pu and 241Am in the particulate phases and of 

241Am in the soluble phase (Pu is not efficiently collected by this chemi- 
sorber). These results are listed in Table 2. 

The total 241Am concentrations represented by the sum of the filtered 

and soluble phase concentrations are plotted in Figure 4 for comparison with 

the 239'240Pu data obtained from the Niskin bottle samples. 

of 241Am is by radiogenic ingrowth of its parent 241Pu decay. 
the general shape of the 241Am profile broadly resembles that of 

Closer examination of the data reveals evidence of the effects of higher 

scavenging rates for 241Am compared to 239*240Pu - due to its greater parti- 
cle affinity. By 1984, 241Pu decay in global fallout debris can be shown to 
have generated 241Am to the extent that the 241Am/23g'240Pu ratio would be 
0.29 if no external geochemical fractionation was in effect. If Am and Pu 
had identical particle reactivities, the oceanic 241Am profile would equal 
that of Pu multiplied by 0.29. 

duced from the measured 239*240Pu data and shown by the solid line. 

The production 

Accordingly, 
239, 24OPu 

In Figure 5 this hypothetical 241Am is pro- 
The 



measured values in the upper water column lie at lower values than the non- 
fractionation pfedicted values. This shows that active differential scav- 
enging has occurred transferring 241Am more rapidly to deeper water. 

sample spacings are not sufficient to identify the location of this scavenged 
. 241- 

excess of that associated with in-situ ingrowth; so, as with the scavenging 
of Pu discussed above, it seems probable that the upper water column defic- 
iency must be balanced by an excess in the lower part of the main thermo- 
cline, i.e. at intermediate depths between 800 m and the upper deep water 

boundary. The sediment data reported later in this report show no evidence 

of the sediments being a sink accumulating enough 241Am to balance the upper 
layer deficiency. So again, the geochemical scavenging of both fallout 
transuranics seems chiefly restricted to the upper water column over the 
timescales represented by fallout tracers. 

The 

It seems clear that the deep water contains insufficient 241Am in 

b) Transuranics on filtered particulates 

Table 2 lists the concentrations of 239'240Pu and 241Am measured on 
the fine-particle samples collected by filtration on the 1 pm polypropylene 

wound-fiber filter cartridges used in the in-situ pump systems. The depth 
profiles of these nuclides are plotted in Figures 6 and 7. Also shown are 

the comparable data obtained on the same cruise at the EN-3 study site at 
the Hatteras Abyssal Plain. Both transuranics show particulate profiles like 
those of the total concentrations, but at very much lower concentrations. 
Given moderately uniform concentrations of suspended particles, the partition 
between soluble and particulate phases seems correspondingly uniform for each 
radioelement - though different between them in line with the greater parti- 
cle reactivity of 241h 

The partition of 241Am observed at Nares is marginally less than 
observed at the Hatteras Abyssal Plain site. For the subsurface waters the 
mean ratio for the particle/dissolved concentration was 0.065 at Nares com- 

pared with 0.096 at the Hatteras site. 
the Hatteras site was 0.010. This may be a more meaningful estimate of the 

Pu partition, as the mean value at Nares of 0.016 is based on fewer measure- 
ments and biased by the high value (but high uncertainty) at 5785 m. At the 
very low concentrations involved, it seems better at present to use the 

For 239*240Pu, the mean value at 
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Hatterae value as the best eetimate for North Atlantic Gyre water columns. 
The difference between the mean 2 4 1 ~  values may reflect higher suspended 
particle concentrations at the Hatteras site. Certainly the large particle 

fluxes are higher there and it seems likely that this difference could well 
be associated with a corresponding fine-particle concentration difference. 

239,24OPu is The very low degree of particle association noted for 
consistent with the conclusion above that little vertical transport of 
239'240Pu from the upper to the deep water layers has taken place at the 
Nares location since the arrival of fallout nuclides in the ocean. Advection 
is again the dominant process. 

tics of 241Am leads to the greater expectation of vertical transport to 
241h the deep water being detectable. 

data are not quite sensitive enough to resolve this question. However, the 
mean concentrations of both 241Am and 239'240Pu in the deep waters at the 

Hatteras and Nares sites, 0.009 and 0.025 dpm/100 Kg respectively, give a 
241Am/239*240Pu ratio of 0.36. 

tionated fallout and may well reflect some vertical transport of 241Am pref- 
erentially to deep water. 

The higher particle association characteris- 

The precision of the deep water 

This exceeds the value of 0.29 for unfrac- 

3. Sediment trap samples 

Radiochemical analyses have been completed for transuranic nuclides 

on the seasonal series of settling particulate samples collected in the 

upward facing traps at 1464 m and 4832 m on the Nares-1 mooring. 

trations of 239*240Pu and 241Am in the particulates are tabulated in Table 4 

and plotted in Figure 8 by collection interval. The collection interval num- 
bers refer to the fractions collected in the time series of cups which rotate 
under each trap. The final interval (##SI is recovered unsealed and is sus- 
ceptible to material loss or contamination during recovery. This cup is also 
open for the first eight days of deployment. 

The concen- 

The 239*240Pu concentrations in both traps show remarkable uniformity 
over the first four collection intervals. The final interval concentrations 
are systematically lower than the others. Given the open nature of this 
collection during recovery, this suggests that it may be the result of an 
artifact - such as dilution with low activity material from the near surface 
water column. The four collection intervals span a time interval of almost 
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11 months beginning in late August and roughly correspond to fall, winter, 
spring, and summer seasons. 

pattern to those of 239*240Pu with systematic low values from the final 
collection interval. There is a slight departure from the uniformity of the 
observed concentrations in the third and fourth intervals - with the 1464 m 
trap showing slightly higher values than the 4832 m trap. 

The 241Am concentrations follow a similar 

The similarity of the radionuclide composition and mass fluxes at the 

two trap depths is suggestive of limited transformation on the nature of 
sinking particles as they move from the lower thermocline towards the bottom 

waters. Given the much lower concentrations of transuranics on suspended 

particles in the deep water compared with those in the main thermocline, any 

significant disaggregationlaggregation which accompanies the sinking of large 
particles would tend to reduce the nuclide concentrations in the particles 
collected in the deep water. Since this is not observed, it may be that 
there is little’exchange going on over these depth ranges. 

The transuranic fluxes at the two trap depths are tabulated in Table 5 

and plotted in Figure 9. Both the mass flux and the nuclide fluxes from the 

final collection interval (open during recovery) are systematically low and 
material loss during recovery cannot be eliminated. Accordingly, the mean 

annual fluxes in Table 5 are averages of the four seasonal traps only. There 
does not appear to be any strong seasonal variability in the nuclide fluxes 

correlated with surface productivity changes as has been observed further 

north in the Sargasso Sea (Bacon et al., Deep Sea Res. 32, 273 (1985)). It 
is possible, however, that the collection intervals are long enough to mask 
such seasonal signals, There is a strong suggestion in the data for the 

deeper trap nuclide fluxes, of systematically higher fluxes in the latter 

part of the sampling period, i.e. in spring and early summer of 1984. In 

collection interval 4, for example, the elevated nuclide fluxes in the deep 
trap do not reflect corresponding increases observed at the 1464 m trap 
depth. It is tempting to speculate on whether a deep advective process is 
contributing particles (such as sporadic turbidite import) to the bottom 
water. 

The fluxes of both 239’240Pu and 2 4 1 ~  are very low in relation to the 
water column inventories, If integrated over the 30 years of fallout his- 
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tory, they represent total integrated fluxes amounting to about 10% of the 
total water and Sediment inventories below the main thermocline. It seems 
likely that the major components of these nuclide fluxes in the upper water 
column are recycled with the organic matter - leaving only a minor fraction 
which survives into the deeper water layers. This small supply on sinking 
particles seems to be consistent with the arguments advanced earlier on 
advection being the major source of deep water fallout tracer supply. 

trap samples with the 239' 240Pu and 241Am fluxes respectively. 

are the corresponding data for a trap series from deployment at 4000 m in 

the Hatteras Abyssal Plain (E-N3) from mid-1983 to mid-1984 (at 32"46'N, 
70'50'W). As has been observed by Bacon et al. (Deep Sea Res. - 32, 273 

(1985)), mass flux fluctuations in large particle fluxes appear to be a major 
control on nuclide fluxes. The Nares and Hatteras data show that this corre- 

lation holds up over depth ranges from 1500-5000 m and over sampling loca- 

tions over 500 miles apart. The fact that the data from the two locations 
lie on essentially the same line is probably a consequence of a similarity 

in concentration of transuranics in the region of the water column where the 
large particle flux originates. 

similarity in the pattern of fallout nuclide concentrations with depth is 
not surprising. 
at the Hatteras site. 
differences between the two areas, it is only possible to speculate that the 

mass fluxes are correspondingly correlated. 

Figures 10 and 11 show the correlations of the mass fluxes in the Nares 
Also shown 

Over this part of the North Atlantic gyre, 

The mass fluxes, and corresponding nuclide fluxes are higher 

Lacking the appropriate data on primary productivity 

4. 241Am in Nares sediments 
241Am analyses were completed on the surficial sections of the sed- 

, 137Cs and 210Pb data 239, 24OPu iment cores from the Nares site for which 
were reported last year. These data are listed in Table 6 together with the 

. The concentrations (and, consequently, corresponding 24lh/239,24OPU ratio 

sediment nuclide inventories) are very low. 
as a sedimentary regime receiving a very small flux of material from the sur- 
face ocean holds, consequently, for 241Am as well as the other, less reactive 
fallout nuclides. 

elevated over that which would characterize integrated global fallout supplied 

The picture of the Nares sediment 

The fact that the mean 241Am/239'240Pu ratio is 2-3 times 
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to the surface ocean, results from the supply of 241Afn-enriched, large sinking 

particles. 
1.5 and 1.9, respectively. The sediments are, however, a very minor sink 
still for the fallout transuranic inventory. 

The mean ratios in the 1464 m trap and 4832 m trap samples were 
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TABLE 1 

Fallout 137Cs and 239 '240Pu Concentrations at NARES-1 
Nares Abyssal Plain; 23'11'N, 63'58'W; Collected 9/29/84; Bottom DeDth 5840 m. 

Sample 
Depth (m) 

Salinity 
'/a a 

Po tent i a1 
Temperature 

O C  

137cS* 239, 240pu 
d.D.m./100 Kn (collection date) 

0 

263 

436 
668 
834 

1060 

1442 

2550 
3331 

4124 

4994 

5681 
5788 

-- 
36.538 

36.222 

35.494 
35.035 

35.020 

35.016 

34.958 
34.921 

34.904 

34.883 

34.850 
34.849 

-- 
18.23 

16.18 
11.28 

7.79 

6.00 

4.36 

2.85 
2.27 
1.974 

1.78 

1.527 

1.517 

Integrated 
activityXX (mci/itm2) 

0-5840111 

2000-5840m 

12.620.2 
17.920.3 

20.520.3 
9.820.3 

2 .2+0.2 

1.820.2 

3.150.3 

0.220.2 
1.420.2 

0.650.2 

1.020.2 

1.820.2 

0.320.2 

79.7 

16.0 

0.03320.008 
0.145+0.019 

0.158+0.023 
0.204+0.022 

0.083+0.013 

0.035+o.006 

0.094+0.016 

0.009+0.007 

0.029+0.008 
0.027+0.008 

0.023+0.005 
0.022+0.006 

0.020+0.007 

1.19 

0.37 
-- 

* 13'Cs corrected for blank value of 0.3. 
Using interpolated 2000m values. *x 
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TABLE 2 

Con'centrations of Fallout Transuranics in Seawater 
and Filtered Particles at NARES-1 

239. 240pu 241b - 
Depth Particles Dissolved+ TotalA Particles Dissolved Total 
(m) d.p.m./1000 P 

Surf. 
400 0 .OOS+O .002 1.495 

800 
1464 0 . OlO+O. 002 0.93 

2540 
3750 0.003+0.001 0.277 

5695 
5785 0.006+0.003 0.194 

0.005+0.003 0.01520.008 0.022+0.009 

1.50 0.010+0.004 0.176+0.009 0.194+0.010 

1.07 0.021+0.006 0.285+0.020 0.30620.021 

0.94 0.017+0.005 0.203+0.014 0.22220.014 

0.002+0.002 0.062+0.009 0.064+0.010 

0.28 0.005+0.002 0.089+0.011 0.094+0.011 

0.004+0.002 0.057+0.029 0.061+0.029 
0.20 0.005+0.004 0.063+0.011 0.068+0.011 

* * 

* x 

t = Total minus particulate concentration. 
A = From large volume water samples. 
* = Provisional values; longer counts being made. 
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TABLE 3 
.- 

Fraction of Fallout Transuranics Collected 
by 1 um Cartridge Prefilters at NARES-1 

Depth 239, 240pu 241b 
(m) 'L Part.1 Cp/Cdz 'L Part.1 Cp/Cd2 

Surface 

400 

800 

1464 

2540 

3750 

5695 

5785 

25~18 

0.320.1 0.003 9.322.1 

6.922.0 

1.120.2 0.011 7.722.3 

3.123.2 3 

1.620.5 0.016 5.322.2 

6.524.5 

3.221.6 0.033 7.426.0 

3 

0.33 

0.057 

0.074 

0.084 

0.032 

0.056 

0.070 

0.079 

He an 0.016 6.6 0.065 

1 = 'L of total activity on particles. 
2 = Particulate activity (Cp) divided by dissolved activity (Cd). 
3 = Provisional values. 



TABLE 4 

Concentration8 of Fallout TranEuranicE in NARES-1 Trap SamPler 

Hooring and 
Trap Depth 
NARES-1, 1464111 

23*16'N, 63'55'W 
8115183-9120184 

NARES-1, 4832111 

23*16'N, 63'55'U 
8115183-9120184 

Collection 
Interval 
(der8 ) 
8-86 
86-164 
164-242 
242-320 
1-8, 320-404 

8-86 
86-164 
164-242 
242-320 
1-8, 320-404 

nasr 
Flyx 

g/m /y 
14.31 
8.39 
6.30 

4.25 

12.07 
8.52 
8.09 
16.39 
10.03* 

7.73, 

239, 24OPu 238Pu 24lm 

d.p.m./g 
0.41+0.04 n.d. 0.6 520.0  8 
0.3320.04 n.d. 0.6020.13 

0.3820.04 n.d. 0.6920.09 
0.27+0.04* n.d. 0.39+0.09* 

0.3620.04 n.d. 0.91+0.10 

0.3720.04 n.d. 0. 5820. 08 
0.4420.05 n.d. 0 .6 520.10 
0.4220.05 n.d. 0.58+0.09 
0.3820.04 n.d. 0.4350.07 
0.2520.03* n.d. 0.41+0.07* 

Seasonal trap (Day 8-320) mean concentrations 

1464m trap 0.37 
4832m trap 0.40 

n.d. I. not detected 
* = open cup during trap retrieval 

0.71 
0.56 
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Mooring and 
Trap Depth 

TABLE 5 

Transuranic Fluxes in NARES-1 Traps 

Collection 
Interval 

(days ) 

NARES-1, 1464x11 8-86 
8/15/83-9/20/84 86-164 
23'16'N, 63'55'W 164-242 

242-320 
1-8, 320-404 

Mean annual flux 
(seasonal trap average, 
day 8-320) 

NARES-1, 4832111 8-86 
8/15/83-9120184 86-164 
23'16'N, 63'55'W 164-242 

Mean annual flux 
(seasonal trap average 

day 8-320) 

239 , 24OPu 241h 
d.p.m. Der m2 per year 2 g/m /y 

14.31 5.920.6 9.321.1 
8.39 2.820.3 5.121.1 
6.30 2.320.3 5 ,750.6 
7.73 2.920.3* 5 .320.7 - 4.25* 1.1+0.2 1.7+0.4 

- 9.18 3.15 6.4 

12.07 4.520.5 
8.52 3.720.4 
8.09 3.4~0.4 

242-320 16.39 6 .2+0 .7 * 
2.5+0.3 1-8, 320-404 10.03* - 
4.5 -- 11.26 

7.021.0 
5 . 5 0 .  9 
4.750.7 
7.021.1 
4.1tO. 7 

6.1 

* = open cup during retrieval. 
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TABLE 6 

241Am and 241Am/239*240Pu Ratios in 
Surficial Nares Abyssal Plain Sediments 

Colllection Core No. 
R/V TPRO BC02 

7-19 Feb. 1984 BC08 

22'10' - 23'35'N, BC09 
63'15' - 64'45'U BClS 
5719 - 5779 IU BC18 

BC23 

BC25 

BC32 

* 241h 

4.9 320 .40 

4.1720.36 

2.1220.25 

1.0520. 20 
0.6 720.14 

3.7020.29 

1.7120.24 

2 . 5  520 .2 8 

241~,,,/239,24Op, 

0.7120.0 7 

0.6 520 . 0 6 
0.6320.09 

0.6020.03 
0.7420.14 

0.7020.08 

0.7820.13 

0.5 920.17 

* = dpm/Kg (dry weight). 
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APPENDIX E 

PRELIMINARY DATA REPORT NARES 11 MOORING AND BAITED CAMERA MOORING: 

CURRENT METERS 

R. D. PILLSBURY 



Oregon State University Sediment Trap Group, Cruise Report, 

blares Abyssal Plain Hission, EU121, LEG11 
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Editor's Notes 

Soon after the Subseabed Project phaseout began in early January 

1986, funding for all Nares-related work was greatly reduced. This 

reduction, only six weeks after the completion of a major cruise, 

made it impossible to completely evaluate current-meter data from 

moorings recovered on the Nares I1 cruise. We thank R. D. Pillsbury 

and the Oregon State University (OSU) Current Meter Group for 

completing the Preliminary Data Report in Appendix E. 

Two moorings containing current meters were recovered on the 

Nares I1 mission. One was the Nares-I1 current-meter sediment-trap 

mooring (23 14.5'N, 64 02.1'W) deployed on the Nares-I mission 

in September 1984 (for a mooring diagram see Figure 1). The second, 

the baited camera mooring deployed for 53 hours (23 20.1'N, 

64'058*W), contained one current meter, 6 m above the bottom. 

descriptions of the instruments and data analysis procedures see 

Pillsbury et al. (1986). Some notes relating to the preliminary 

data report follow. 

0 0 

0 

For 

The columns in the processed files, which contain the notations 

"FIRST 5 LINES" and "LAST 5 LINES," are (from left to right) 

. Time (UCT) 

. Day 

. Month 

. Year 



. Current Speed (cm/sec) 

. Current direction (degrees true or toward) 

. U component of current (cm/sec) 

. V component of current (cm/sec) 

. Temperature (degrees centigrade) 

. Pressure (decibars) 

. Attenuation coefficient (Urn). 

There are two data summary listings at each current meter 

depth. For example, the heading "DATA AT NARES -11, 776 METERS, 

LINE 1 THRU END OF FILE" is preceeded in one listing by a "P" and in 

the other by an "LLP". The summary listings preceded by a "P" were 

prepared from hourly data records. The summary listings preceded by 

"LLP" were prepared from records filtered to remove tides and 

inertial oscillations and sampled at six-hour intervals. 

In progressive vector diagrams, the small squares mark the 

beginning of a new calendar month. Time increases from the 0, 0 

point on the axis. 

The processed file of the current meter at 1464  m is three 

cycles short (i.e., three hours worth of data are missing). The 

reason is unknown, but loss of this small portion of data should not 

significantly influence the data summaries or any potential uses of 

the data. 
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The processed data file of the current meter at 2900 is one 

cycle short. The consequences of this are slight. A l s o ,  the 

transmissometer channel was not processed, due to an instrument 

malfunction. Current speed is suspiciously low throughout most of 

the record compared to the deeper current meters and to the records 

from the Nares-I current meter at 2950 m. The reason is unknown, 

It would be informative to process the record to extract tidal 

amplitudes for comparison with those of the Nares-I 2900-m current 

meter. 

The 5800-m current meter record is short, due to a leak which 

developed in one of the transmissometer electrical passthroughs. 

Evidently, the transmissometer underwater unit leaked at depth, 

. which may account for the large offset in attenuation coefficient 

seen on 15 Mar 85. 

attenuation coefficient. 

No corrections were applied to processed 

The 5800-m, 4800-m, and 2900-m records (excepting the latter's 

unexplained low speeds) appear to be highly correlated, as was the 

case for the Nares-I current meters. However, the Nares-I1 mean 

currents are toward the south, unlike those from Nares I, which were 

toward the west. 

The brief (53-hour) record from the current meter (6  m above the 

bottom) on the baited camera mooring has been processed, and 

summaries are included here (Table 1, Figures 2 and 3 ) .  The flow is 

nearly all northward. The speed plot points out how useful a lower- 

threshold instrument would be for this near-bottom work. 
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The records for the Nares-I and Nares-I1 4800-m current meters 

have been combined to produce a progressive Vector diagram 826 days 

in length (Figure 4). The record clearly shows that the Nares 

Abyssal Plain is a relatively inactive region where nontidal current 

patterns are dominated by intermittant low frequency (mesoscale) 

activity, and where measurements of at least several years' duration 

will be required to establish stable mean current velocity values. 

The OSU Current Meter Group has provided Sandia National 

Laboratories with a data tape containing all current-meter data from 

the Nares-I and Nares-I1 moorings. This tape will be kept on file at 

Sandia. OSU will continue to archive the data, and will maintain 

the archive for several more years. Descriptions of the tape format 

and header records are included below for completeness. 

Tape Format Description 
1 

The nine-track data tape was written in ASCII code at 1600 BPI 

with odd parity. The first record in each file contains header 

information and is 80 characters in length. It is followed by 

blocked data records which are generally 4000-characters long. Each 

4000-character record contains 50 logical records of 80 characters 

each. The last data record in a file will usually contain fewer than 

50 logical records and will hence be shorter than 4000 characters. 

Each file is terminated by a single file mark, except for the last 

file on the tape which is followed by two file marks. 
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Nares Data T a p e  H e a d e r  R e c o r d s  

1. 

2 

3 

4 

5 

6 

7 

8 

9 

725 METERS AT NARES-I, AUG 83 - SEP 84. 

2950 METERS AT NARES-I. AUG 83 - SEP 84. 

4800 METERS AT NARES-I. AUG 83 - SEP 84. 

5800 METERS AT NARES-I. AUG 83 - SEP 84. 

776  METERS AT NARES-11. SEP  84 - NOV 85. 

1464 METERS AT NARES-11. SEP  84 - NOV 85. 

2900 METERS AT NARES-11. SEP 84 - NOV 85. 

4800 METERS AT NARES-11. SEP  84 - NOV 85. 

5800 METERS AT NARES-11. SEP  84 - AUG 85. 

TAPE 4409119. 

TAPE 4411118. 

TAPE 586217. 

TAPE 588413. 

TAPE 586019. 

TAPE 5859110. 

TAPE 4918118. 

TAPE 716113. 

TAPE 4911115. 

-E7- 



Ref e renc e 

Pillsbury, R. D. et al., Data Report for Current Meters on Mooring 
Nares-1. 1983-84; Nares Abyssal Plain, SAND857215 
(Albuquerque: Sandia National Laboratories, 1986). 
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5 6 4 0  HETERS AT B A I T E D  CAMERA. TAPE 5860/10* 

F I R S T  5 LINES: 

1230 22 11 85 
1245 22 1 1  85 
1300 22 11 85 
1315 22 11 85 
1330 22 11 85 

LAST 5 L I N E S :  

1630 24 11 85 
1645 24 1 1  85 

1715 24 11 85 
1730 24 11 85 

1700 24 :I e5 

S P E E D I  CH/SEC 
U P  CH/SEC 
U P  CM/SEC 
TEHPi  DEG C 

4.5 
4.4 
4.1 
3.7 
3 . 8  

3.8 
3.9 
4.0 
4.1 
4.2 

96 
75 
62 
52 
74 

21 
22 
23 
23 
22 

flIN 

0.80 
-0  40 
-0  50 
2.10 

4.5 -0 .5  
4.2 1.1 
3.6 1.9 
2 . 9  2.3 
3.7 1.1 

1.4 3.5 
1.5 3.6 
1.6 3.7 
1.6 3.8 
1.6 3 . 9  

HEAN 

2.56 
0 . 8 5  
2.22 
2.10 

2.10 
2.10 
2.10 
2.10 
2.10 

2.10 
2.10 
2.10 
2.10 
.2#10 

HcIX 

5.50 
4.50 
5.50 
2.10 

T A B L E  1 .  C u r r e n t  Meter  Data Summary 
( 6  m a b o v e  b o t t o m )  

1 
2 
3 
4 
c? J 

209 
210 
211 
212 
213 

S D 

1.60 
1.12 
1.50 
0.00 



SEDIMENT TRAP 

RCM 5860 
0 0  I at 750m 

SEDIMENT TRAP 

RCM 5859 I at l450m 

SEDIMENT TRAP 

RCM 4913 
at 2 3 0 0 m  

INVERTED SEDIMENT TRAP 

SEDIMENT TRAP 

NARES 2 SEDiMENT TRAP 

23.14.5'N 
64.02.1 ' W 

INSTALLED: 21 SEP 84 INVERTED SEDIMENT TRAP 

SEDIMENT TRAP 

DUAL OACS RELEASES 

.......... . . . . . . . . . .  . . . . . . . . . . . . . .  

F I G U R E  1 .  Current Meter M o o r i n g  P l a n  
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F i n a l  R e p o r t  o n  C o n t r a c t  32-5717 

T a s k  1. 

T h e  Nares 3 m o o r i n g  was p r e p a r e d .  T h e  c r u i s e  t o  
r e c o v e r  Nares 2 a n d  i n s t a l l  Nares 3 was d o n e  i n  l a t e  
November o f  1985. No a d d i t i o n a l  e q u i p m e n t  h a s  b e e n  p r e p a r e d  
s i n c e  a l l  e f f o r t  h a s  b e e n  s t o p p e d  o n  t h i s  t a s k .  

T a s k  2 .  

T h e  r e c a l i b r a t i o n  of  c u r r e n t  meters r e c o v e r e d  f r o m  t h e  
m o o r i n g  Nares 2 w a s  d o n e .  T h e s e  c a l i b r a t i o . n s  were t h e n  u s e d  
t o  c o n v e r t  t h e  d a t a  c o l l e c t e d  by t h e  A a n d e r a a  c u r r e n t  meters 
t o  s t a n d a r d  o c e a n o g r a p h i c  u n i t s .  T h e  d a t a  were r e c o r d e d  o n  
m a g n e t i c  t a p e  a n d  a c o p y  o f  t h a t  t a p e  i s  i n c l u d e d  a s  a 
p o r t i o n  of  t h e  f i n a l  r e p o r t .  An a n a l y s i s  o f  t h e  
d i s t r i b u t i o n  of k i n e t i c  e n e r g y  i n  t h e  c o l l e c t e d  d a t a  f r o m  
Nares 2 was d o n e .  T h a t  a n a l y s i s  showed  a b o u t  70% o f  t h e  
e d d y  k i n e t i c  e n e r g y  i s  i n  m o t i o n s  w i t h  a p e r i o d  l o n g e r  t h a n  
50 d a y s ,  a r e s u l t  n e a r l y  i d e n t i c a l  t o  t h a t  from t h e  Nares 1 
d a t a .  

Task 3. D e l e t e d  

T a s k  4 .  D e l e t e d  
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.- 

N A R E S  I 1  P r e l i m i n a r y  Data Report 
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* i z  DATA AT NARES-117 776 ME T E R S  
L I N E  1 THRU E N D  OF F I L E  

M E A N  SI SKEWNESS K U R T O S I S  I-iIEt HAX LENGTH 

S 5e81 2 . 9 0  0*70 4 * 1 0  0*80 2 1 * 8 0  10215 

U - 1 t 8 1  4 * 8 1  0+29 3*24 -18+60 19.70 10215 

13+80 1 0 2 1 5 U -0 * 37 3*?6 0 + 1 7  2.91 - 1 5 + 2 0  

T 9*42 0 * 4 4  0163 2*77 8*3? 10,715 10215 

P 70% 13 3*19 1.10 3190  783*80 803.20 10215 

EIIDY KE - 19 4 0  10215 P O I N T S  

H E A T  FLUX U = 0161 10215 PO I N T S  

HEAT FLUX U = -0,Ol 10215 P O I N T S  

MOMENTUM FLUX = -le79 10215 P O I N T S  

- 
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+LLF DATA AT NARES-111  776 METERS 
L I N E  1 THRU END OF F I L E  

MEAN s D SKEWNESS KURTOSIS  K I P !  M A X  LENGTH 

U -1+84 , 3 67 0 * 5 2  3 + 5 4  -13*31 10+3@ 1694 

V -0 36 2*42 0 * 2 0  2 + 6 2  -6+18 6+15 16.94 

'r 9*42 0 * 4 1  0+7? 2.74 8473 1@*55 1 6 9 4  

F' 788 09 2 * ? 0  Q e 9 8  3*37 784*?4 7??*43 1694 

EtIDY K E  - 9 + 6 5  165'4 POTbITS 

HEAT F L U X  U = OtS6 1694 P O I N T S  

HEAT FLUX U = -0 * 05 1694 P O I H T S  

MOMENTUM FLUX = -0 + 83 1694 P O I N T S  

- 

x. 



776 Meters at Nares-II* 21 Ser 84'- 21 Nov 8 5 ,  T o p e  5860/9* 

F I R S T  5 LINES: 

2100 21 9 84 10*7 35 6*1 8e8 ?e03 803e2 1 
2200 21 9 84 5 * 2  106 5 e O  -le4 9e07 801*0 2 
2300 21 9 84 3+6 126 3eO -2e1 9 . 0 7  801.0 3 

0 22 9 84 4+4 115 4 e O  -le9 8+96 801eO 4 
100 22 9 84 4 . 7  128 367 - 2 . 9  9e03 801eO 3 r 

LAST 5 L I N E S :  

700 21 1 1  85 9 * 4  159 3 e 4  -8e8 1Oe20 7 8 7 4 3  10211 
800 21 1 1  83 8e3 156 3.4 -7*6 1Oe20 788e4 10212 
900 21 1 1  85 5 . 5  158 2 e O  -5*l 10.20 790e7 10213 
I000 21 11 85 5.1 138 3e4 - 3 e 8  1 O e 1 1  791e8 10214 
1.100 21 1 1  85 3el 72 2e9 140 10eO6 793+0 10215 

M I N  MEAN MAX S 11 Nun 

SF'EEDr CM/SEC O e 8 0  5+81 21 *a0 2 + 9 0  10215 
19e70 4*81 10215 U P  CM/SEC -18e60 -le81 

V ,  CM/SEC -15e20 - 0  e 37 13+80 3e96 10215 
TEMP9 DEG C 8 + 3 9  9,42 10.76 0144 10215 
FRESSUREr DE{ 7 8 3 e 8 0  788*13 803+20 3e19 10215 
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.- FREQUENCY TABLE FOR CURRENT SPEED 

LOUER BOUND 

0900 
2.00 
4tOO 
6tOO 
8.00 
10.00 
12.00 
14tOO 
16.00 
18900 
20 t 00 
22too 
24 t 00 
26 t 00 

UPPER BOUND 

2too 
4.00 
6tOO 
8.00 
lot00 
12.00 
14tOO 
16.00 
18.00 
20too 
22 .oo 
24tOO 
26 00 
28 9 00 

FREQUENCY 

842 
1907 
2921 
2426 
1304 
515 
191 
61 
30 
11 
7 
0 
0 
0 

M E A N  5.81255 

S T A N D A R D  D E V I A T I O N  2 9 90467 

RELCITIUE FRt 

0 e 082428 
01186606 
0 t 285952 
0 9 237494 
0 t 127655 
Ot050416 
0 0 18698 
0.005972 
0 t 002937 
0 to01077 
0 t 000685 
0 t 000000 
0 . 000000 
0 t 000000 
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776 H a t  Nares-11, 21 SYP 84 - 21 Nov 85 .  f 8 ~ e  5860/9t 

FREQUENCY TABLE FOR CURRENT DIRECTION 

LOWER ROUND 

0 
10 
20 
30 
4 0  
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
160 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 

UPPER BOUND 

10 
20 
30 
40 
50 
60 
70  
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 

FREQUENCY 

183 
168 
144 
163 
129 
122 
162 
,155 
212 
264 
225 
249 
189 
198 
181 
186 
200 
210 
275 
300 
382 
404 
461 
449 
467 
529 
580 
506 
465’ 
471 
335 
306 
250 
233 
267 
191 

RELATIVE F R e  

0*017?15 
0 01 6446 
Ot014097 
0 t 015957 
0,012628 
0 t 0 1  1943 
0 t 015859 
Ot015174 
0 t 020754 
0 t 025844 
0 t 022026 
0 t 024376 
0 t 018S02 
01019383 
0*01771? 
0+018209 
Ot019579 
0 t 020558 
0 026921 
Oe029369 
0 t 037396 
0 039550 
0 t 045130 
0 043955 
0*045717 
0 t 051787 
0 056779 
0 t 049535 
Ot045913 
Ot046109 
0 t 032795 
0 029956 
0 024474 
0 ,022810 
O *  026138 
0*018698 

-E20- 



776 tl at Nares-11. 21 S e r  84 - 21 Nov B 5 .  

FREQUENCY TABLE FOR TEUPERATURE 

LOUER POUND 

8.00 
8. 10 
8.20  
8.30 
8.40 
8.50 
8 .60  
8.70 
8.80  
8.90 
9r00 
9.10 
9.20 
9.30 
9.40 
9.50 
9.60 
9.70 
9.80 
9.90 
10.00 
10.10 
10.20 
10130 
10.40 
10.50 
10.60 
10.70 
10.80 
10190 

UPPER BOUND 

8.10 
8.20 
8.30 
8.40 
8.50 
8 .60  
8.70 
8.80 
8.90 
9.00 
9.10 
9.20 
9.30 
9.40 
9050 
9.60 
9.70 
9.80 
9.90 
10.00 
10.10 
10.20 
10.30 
10.40 
10.50 
10.60 
10.70 
10.80 
10.90 
11.00 

UEAN 

STANDARD DEUIATION 

FREQUENCY 

0 
0 
0 
2 
15 
44 
82 
156 
529 
706 
979 
1273 
991 
1091 
667 
540 
561 
415 
440 
507 
338 
221 
223 
155 
135 
110 
28 
7 
0 
0 

9.41750 

0.43617 

RELATIVE F R O  

0 . 000000 
0 . 000000 
0 . 000000 
Oo000196 
0 001 468 
0 004307 
Oo008027 
Oo015272 
Oo051787 
0.0691 14 
0 095839 
0 .  124621 
0.097014 
0 0 106804 
0 ,065296 
0 052863 
0*054919 
0 040627 
0,043074 
0 0 049633 
0 033089 
0 021 635 
0.021831 
00015174 
00013216 
00010768 
0 002741 
0 000685 
0 . 000000 
0 . 000000 

I. 

-E21- 



776 H 8 t  N8re8-11, 21 Se? 84  - 21 Nov 85e T8re 5860/9* 

FREQUENCY TABLE FOR PRESSURE 

LOWER BOUND UPPER BOUND FREQUENCY RELATIVE F R *  

780 00 
782 6 00 
784 00 
786 00 
788 00 
790 00 
792 00 
794 00 
796 00 
798 00 
BOO * 00 
802 00 
804 e 00 

HEAN 

782 * 00 
784 6 00 
786 00 
788 00 
790 00 
792 00 
794 00 
796,OO 
798 00 
800  00 
BO2 00 
804 00 
806 00 

S T A N D A R D  DEVIATION 

0 
1 

2960 
2767 
2123 
1149 
489 
464 
186 
52 
17 

7 
0 

788.13507 

3018776 

0 000000 
0*000098 
0 289770 
0 270876 
0 207832 
0 112482 
0 e 047871 
0 045423 
0 018209 
0*005091 
0*001664 
0 00068S 
0 * 000000 
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+ P  D4TA AT N A R E S - I I t  1 4 L 4  I iETERS 
L I N E  1 THRU END OF FILE 

MEAN SD SKEWFESS KURTOSIS M I N  M A X  L E N G T H 

S 3*?2 2*12 0 . 3 4  2e83 0480 13 .70  1021 1 

U 0.16 3 * 5 0  0.38 2 . 7 2  -l9,50 1 3 , t O  10211 

V -Q*12 2.75 0 * 0 8  3+0? - 9  . 00 9.70 10211  

T 4 . 9 2  0*10 0*02 2 * 2 2  4 * 2 4  4 * 7 ?  10211 

P 1 4 8 6 + 1 7  2 * 9 5  O * S 2  2 . 7 0  1 4 7 ? * 8 0  1495'60 10211 

EDDY KE - 9*8? 10211 P O I I ! T S  

HEAT FLUX U = 0 . 0 7  10211 FOIb!TS 

HEAT FLUX V = o * o t  10211 P O I N T S  

MOMENTUM FLUX = - 0 + 9 3  10211 P O I N T S  

- 



GLLF' DATA AT NARES-111 1464 METERS 
L I N E  1 THRU END OF F I L E  

MEAN SD SKEWNESS K U R T O S I S  M I I - i  HAX LENGTH 

U 0113 , 2*96 0*61 2 * 5 ?  -5  67 8*31 1693 

\J -0.12 2*@3 0418 3*29 -5 * 58 6*48 1 6 9 3  

T 4*52 Otl0 OeQ4 2*12 4e28 4*75 14.93 

P 1486+14 2e81 0*45 2 * 5 3  1481*?9 1495*03 1693 

EIlDY RE -F - 6*42 1693 P O I N T S  

HEAT FLUX U = 0 * 0 7  11593 P O I N T S  

HEAT FLUX V = 0*06 1693 P O I N T S  

MOMENTUM FLUX = - 0  60 1693 P O I N T S  

-E30- 



- 
FIRST 5 LINES: 

2200 21 9 84 1t7 205 - 0 . 7  -1.6 4.44 1495.6 1 
2300 2 1  9 84 1.9 213 -1.0 -1 .6 4t41 1495.6 2 

0 22 9 84 3.3 220 -2.1 - 2 . 5  4.43 1495.6 3 
100 22 9 04 3.0 227 - 2 . 2  - 2 . 0  4.43 1495.6 4 
200 22 9 84 2t8 268 -2t8 - 0 . 1  4 . 4 0  1495 .6  J 

r 

LAST 5 LINES: 

400 21 1 1  85 12t1 101 11.9 -2.3 4t51 1486.6 10207 
500 21 1 1  85 lot4 108 9.9 -3t2 4.54 1486t6 102OG 
600 21 1 1  85 10.5 113 9t6 -4.1 4.55 1486.6 10209 
700 21 1 1  85 10.0 110 9.4 -3t4 4t60 1486t6 10210 
800 21 1 1  85 9t6 114 8.8 -3.9 4t58 1481th 10211 

M I N  M E A N  M A X  S D NUM 

S P E E D ,  CM/SEC 0.60 3t92 13t70 2 t 1 2  10211 
3 t 5 0  10211 Up CM/SEC -1ot50 0.16 13tC10 

V I  CM/SEC -9t00 - 0 t 1 2  9.70 2t75 10211 
TEMFr DEG C 4 t 2 4  4.52 4t79 O t l 0  10211 
PRESSURE 9 DE{ 1479*80 1486.17 1495t60 2 . 9 5  10211 

T h e  c.rocessed file is 3 cvc le s  s h o r t ,  

- E 3 1  - 



1464 H a t  Nares-11. 21 Serc 84 - 21 Nov 8 5 .  Tare 5859/10. 

FREQUENCY TABLE FOR CURRENT SPEED 

LOWER BOUND 

0 , o o  
2.00 
4.00 
6 , O O  
8,OO 
10.00 
12.00 
14.00 
l6rOO 
18.00 
20 . 00 
22 00 
2 4  + 00 
2 6 * 0 0  

UPPER BOUND 

2,oo 
4 .00  
6 . 0 0  
8 .00  
10.00 
12.00 
14eOO 
16.00 
18,OO 
20.00 
22 . 00 
24 0 0  
26 00 
28 00 

FREQUENCY 

2187 
3016 
3287 
1401 

268 
46 
6 
0 
0 
0 
0 
0 
0 
0 

RELATIVE FRO 

0,214181 
0 295368 
0 32 1908 
0 + 137205 
0,026246 
0 004S05 
0 o 000588 
0 0 000000 
0 000000 
0 000000 
0 0 000000 
0 000000 
0 000000 
o*oooooo 

HEAN 3,91888 

STANDARD DEVIATION 2.11600 

- E 3 2 -  



1464 H a t  Nares-11. 21 SQP 8 4  - 21 Nuv 8 5 ,  Tape 5859/10+ 

FREQUENCY TABLE FOR CURRENT DIRECTION 

LOWER BOUND 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 

UPFER POUND FREQUENCY 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 

206 
161 
139 
133 
159 
218 
250 
296 
402 
386 
439 
397 
280 
236 
242 , 
223 
233 
251 
268 
245 
323 
283 
271 
315 
320 
406 
376- 
411 
397 
340 
322 
285 
255 
253 
284 
206 

R E L A T I V E  F R *  

0 ,020174 
0 0 15767 
0*013613 
0 0 13025 
0 01 5571 
0,021350 
0 1 024483 
0 028988 
0 039369 
0 037802 
0 042993 
0 038880 
01027421 
01023112 
0 1 023700 
0 1 021839 
0,022819 
0 024581 
0 026246 
0,023994 
0 1 031 633 
0,027715 
0 026540 
0 030849 
0.031339 
0,039761 
0 + 036823 
0+040251 
01038880 
0 e 033297 
0,031535 
0 ,027?11 
0,024973 
0 024777 
01027813 
0 ,820174 

- E 3 3 -  



1464 H a t  Nares-11, 2 1  Sep 84 - 21 Nov 8 5 ,  Tape 58!59/101 

FREQUENCY TP.BLE FOR TEMPERATURE 

LOWER BOUND UPPER BOUND FREQUENCY R E L A T I V E  FR, 

4.10 
4 t 1 5  
4 t 2 0  
4 * 2 5  
4 t 3 0  
4 * 3 5  
4 t 4 0  
4 t 4 5  
4 * 5 0  
4 * 5 5  
4 ,60  
4 + 6 5  
4 * 7 0  
4 * 7 5  
4 t 8 0  
4.85 

4 t 1 5  
4 + 2 0  
4 t 2 5  
4 t 3 0  
4 t 3 3  
4 t 4 0  
4 t 4 5  
4e50 
4 * 5 5  
4 * 6 0  
4 t 6 5  
4 e 7 0  
4 * 7 5  
4 + 8 0  
4e85 
4 t 9 0  

0 
0 
5 

69 
158 
704 

1902 
1296 
1711 
1510 
1519 

938 
359 

40 
0 
0 

HEAN 4,52385 

S T AN 114 R D DE U I AT I ON 0*10128 

0 . 0 0 0 0 0 0  
0 000000 
0 000490 
0 006757 
0.015474 
0 068945 
0*186270  
0 1  126922 
0 t 167564 
0,147880 
0,148761 
0 t 091 862 
0 t0351S8 
Ot0035’17 
otoooooo 
0 t 000000  

-E34-  



1464 fl a t  Nares-11, 21 SeP 8 4  - 2 1  Nov 85, Tape 585?/10, 

FREQUENCY TABLE FOR PRESSURE 

LOWER BOUND UPPER POUND FREQUENCY RELATIVE FR* 

1475,OO 1479 ,OO 0 0 000000 
1479 00 1483,OO 1648 Oe161395 
1483+00 1487 00 5489 0 537558 
1487eOO 1491 e00 1985 0 194398 
1491,OO 1495,OO 1046 0.102439 
1495 + 00 1999.00 4 3  0 e00421 1 

MEAN 1486,05078 

ST AND A R D  D EU I AT I ON 2 95682 



Km 

1464 M at Nares-11. 425.4 days starting 2200 21 Sep 84. 
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tP I l A T A  AT NARES-11,  2900 METERS 
L I N E  1 TH9U EN11 OF FILE 

MEAN s rt SKEWNESS KURTOSIS F i IN 

S Lt07 Ot85 4 . 0 9  21t82 Ot90 

11 - 0 t 0 9  0194  1t10 12.15  - 5  6 0  

U -0 t 1 4  0 1 9 3  -2 + 2 0  13t7’l -8  t 00 

T 2 . 7 9  oto2 -0 t 07 3.01 2 . 6 P  

EDBY KE - 0 1 8 8  10223 POI).!TS 

HEAT FLUX U = otoo 10213 P O I N T S  

HEAT FLUX V = -0to1 10213 P O I N T S  

MOMENTUM FLUX = -0111 10213 P O I N T S  

- 

M A X  LENGTH 

8t20 10213 

8 . 2 0  1’321t. 

4 + 7 0  10213 

2.88 10213 

-E42- 



eLLP DATA AT NARES-11, 2900 METERS 
LINE 1 TH!?U END OF FILE' 

M A X  LENGTH MEAN s D SKEWNESS KURTOSIS EiIE! 

U -0 t 10 0169 1 . 0 1  4 t 8 3  -2 toc )  2 t 8 7  1 C.9 4 

v - 0 . 1 5  0173  -2t17 1 1 . 1 2  - 4 t 3 0  1 * 7 9  1694 

T 2 t 7 9  0102 -0  t 10 2 t 7 1  2.74 2 t 8 5  16?&? 

EDIIY KE - - O t S 1  1694 POINTS 

HEAT FLUX U = 0.00 1694 POI9TS 

HEAT FLUX U = -0.01 1494 POINTS 

MOMENTUH FLUX = -0 * 05 1694 POINTS 

-E43- 



2900 Heters s t  Nares-11, 

FIRST 5 L I N E S :  

2100 21 9 8 4  
2200 21 9 8 4  
2300 21  9 84 

0 22  9 84 
100 22 9 84 

LAST 5 L I N E S :  

500 21 11 85 
600 21 1 1  85 
700 21 1 1  85 
800 21 1 1  85 
?00 21 1 1  B5 

SPEED I C M / S E C  
I J p  CM/SEC 
V ?  CM/SEC 
TEMF'r DEG C 

3 * 9  104  
0 + 8  153 
le5 164 
l e 8  165 
0 * 8  183 

2 + 9  90 
2*0 88 
1 , B  9 8  
le6 101 
0 * 8  97 

M I N 

O+B0 
- 5  60 
- 8  00 

2 * 6 9  

21 Sep 8 4  - 

3 + 8  - 0 e 9  
0*3 - 0 + 7  
0 * 4  - 1 4 5  
0 * 5  - l e 7  
0.0 -0*7 

2 * 9  0 , o  
2,0 0*1 
1,8 - O b 2  
1.6 -0e3 
0 * 7  -011 

MEAN 

le07 
- 0  09 
-0e14 

2 * 7 9  

21 Nov 8 5 +  T a r e  4?13/1Bt 

2 + B O  1 
2.79 2 
2 * 7 ?  3 
2 , 7 9  4 
2 * 7 7  J 

c 

2 t 7 7  10209 
2 * 7 7  10210 
2 * 7 7  10211 
2 * 7 7  10212 
2*76 10213 

MAS s 11 NUM 

8 * 2 0  0 * 0 5  10213 
8 * 2 0  0194 10213 
4 * 7 0  0193 10213 
2 * 8 5  0 . 0 2  10213 

The p r o c e s s e d  f i l e  i s  one crc le  s h o r t .  
T h e  t r a n s m i s s o m e t e r  c h a n n e l  was riot p r o c e s s e d  due  to zri 
i ns t rumen t 111s 1 f u ric t i a ri 
S r e e d  i s  s u s r i c i o u s l r  low thro iJShout  m o s t  o f  t h e  r e c a r d .  

- E 4 4 -  



..--- 
2900 ll at Nores-IIt 21 Sor 84 - 21 Nov 8 5 .  T8pe 4913/18, 

FREQUENCY TABLE FOR CURRENT SPEED 

LOUER BOUND 

0.00 
2too 
4 , O O  
6tOO 
8tOO 
lOI00 
12*00 
14tOO 
16tOO 
18.00 
20 * 00 
22 t 00 
24tOO 
26 00 

UPPER POUND 

2,oo 
4tOO 
6tOO 
8 e O O  
lot00 
12*00 
14*00 
16.00 
18*00 
20 * 00 
22 00 
2 4 * 0 0  
26 00 
28 0 0  

FREQUENCY 

9417 
537 
213 
38 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 

HEAN 1 t 06550 

STANDARD DEVIATION Oe85112 

RELATIVE FRI 

0 t 922060 
0 t OS2580 
0,020856 
0+003721 
0 000783 
0 t 000000 
o*oooooo 
0 * ~ 0 0 0 0 0  
0 000000 
0 000000  
0 , 0 0 0 0 0 0  
0 * 000000 
0 000000 
0 t 000000 

- E 4 5 -  



2900 n u t  N a r e s - 1 1 .  21 S e r  84  - 21 Nuv 8St T a r e  4913/18. 

FREQUENCY TABLE FOR TEHPERATURE 

LOWER BOUND UPPER BOUND FREQUENCY RELATIVE F R t  

2.40 
2.45 
2 .50  
2t55 
2t60 
2.65 
2 .70  
2t75 
2 * 8 0  
2 t 8 5  
2 t 9 0  
2 t 9 5  
3 6 0 0  
3t05  

0 0 t 000000 
0 0 000000 
0 0 000000 
0 0 t 000000 
0 0 , 0 0 0 0 0 0  

2t4s  
2 .50  
2 . 5 5  
2.60 
2.65 
2t70 1 0 000098 
2 .75  282 0 +027612 
2 t 8 0  5193 0 t 508470 
2.85 4601 0 t 450504 
2 .90  136 01013316 
2 t 9 5  0 0 000000 
3tOO 
3 .05  
3t10 

0 0 t 000000 
0 0 000000 
0 0 t 000000 

HEAN 2 79062 

STANDARD IlEWIATlON 0 t 02382 

- E 4 6 -  



c 

-- 

2900 ti a t  N a r e s - X I *  21 SOP 84 - 21 Nov 8Se T a p e  4913/18, 

FREQUENCY TABLE F O R  C U R R E N T  D I R E C T I O N  

LOWER BOUND 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 

UPPER BOUND 

10 
20 
30 
40 
so 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 

F R E Q U E N C Y  

158 
144 
170 
154 
166 
189 
234 
259 
296 
389 
353 
241 
242 
214 
248 
251 
256 
237 
251 
296 
299 
309 
301 
394 
447 
524 
492 
474 
430 
400 
322 
269 
238 
220 
170 
176 

RELATIVE F R *  

01015470 
0*014100 
0 1016645 
0+015079 
0 1 01 6254 
0 1018506 
01022912 
0 025360 
0 e028983 
0 1 038089 
0 1 034364 
0 1 023597 
0 023695 
0 e020954 
0 1 024283 
01024577 
0 1 025066 
0 1 023206 
0 * 024577 
0 028983 
0 1 029276 
0 1 030256 
0 1 023472 
0 1 038578 
0 1 043768 
01051307 
01048174 
0 1 0464 11 
0*042103 
0,039166 
01031528 
0,026339 
0 1 023304 
0.021541 
01016645 
0 1 017233 



Km 

-- -30 

-- -45 

-- -60 

1-75 

2900 M at Nares-ll. 425.5 days starting 2100 21 Sep 84. 
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< F  DATA AT b!AF:ES-IIp 4800 METERS 
L I N E  1 T H R U  E N D  OF F I L E  

MEAF.? so SKEWNESS K U R T O S I S  I‘iIN fikX L E N G T H  

3 * 5 0  2 . 1 4  0153 2.55 0.80 1 1 . 0 0  10215 

-0 . 05 3.00 0.20 3 . 0 7  -9 3 0  9b40 10215 

-0 * 83 2*68 -0 + 06  3t90 -10.70 9 . 1 0  10215 

2 + 2 3  o t o i  - 1 . 3 5  7t51 2.21 2 . 3 7  10215 

0147 o t o 5  0 . 3 9  1t76 0 . 2 5  0.61 10215 

E D D Y  KE - 8 . 0 7  10215 FOINTS 

HEAT F L U X  U = Q b O O  10215 P O I N T S  

t l E A T  FLUX U = 0.01 10215 F O I N T S  

M O M E N T U M  FLUX = -1.23 10215 FCIINTS 

- 



' L L P  P A T A  AT NARES-117 4800 METERS 
L I N E  1 THRU EN11 OF FILE 

MEAN s rl SKEWNESS K U R T O S I S  M I N  H A X  LE P! c. 'r H 

U -0 t 06 2t75 0123 3 . 2 7  -?e36 7 t 6 P  1604 

V -0 .84  2t43 -0106 4tZB -8 t 14 7t3? 1x94 

T 2 . 2 8  oto1 -2t 13 8.74 2t21 2.31 l 5 P 4  

P ot47 0105 0 . 3 3  1 * 5 2  Ot40 0 * 5 5  l b P 4  

EDDY KE - - 6t76 1694 P O I N T S  

MEAT F L U X  Ll = 0 , O O  1 6 9 4  POIE!TS 

HEAT F L U X  V = oto1 1694 P O I N T S  

MOMENTUM F L U X  = -0 t 9 8  1694  POINTS 



4800 Heters  a t  Nares-11. 

FIRST 5 LINES: 

2100 21 9 84 
2200 21 9 84 
2300 21 9 8 4  

0 22 9 84 
100 22 9 R 4  

LAST 5 L I N E S :  

700 21 11 85 
8 0 0  21 11 85 
900 21 11 85 
1000 21 11 13s 
1100 21 11 85 

SPEEDI CM/SEC 
U t  CM/SEC 
U t  CH/SEC 
TEMPI DEG C 
ATTENt C. l/M 

0.8 53 
0.8 1 R R  
0 . e  3451 
0.8 191 
0 . 8  186 

3 . 6  46 
3 t 3  4 9  
3.3 58 
4 .2  72 
4 .2  72 

HIN 

0.80 
-9 30 
-10.70 
2*21 
0.2s 

2 1  Sur H4 - 21 NOV 85 .  Tare  7161f3. 

e t 6  0 , s  
-0.1 - 0 t 7  

o t 2  -0 .7  
-0.1 -0.7 
-0.1 -0 t7  

2.6 2 . 5  
2 . 5  2.2 
2+t3 1.8 
4 . 0  1.3 
4 .0  1.3 

HEAN 

2*33 
7 . 3 0  
2 .29  
7.28 
2.27 

? e 2 9  
2.29 
2.30 
2 . 2 9  
2.30 

M A X  

3.50 11.00 
-0 . 05 9e40 
-0 t 03 9.10 

2 t 2 8  2 * 3 7  
0.47 0.61 

0.0 0.406 1 
0+0 0 .406  2 
O t O  8.401 3 
0 . 0  0.406 4 
O + O  8.406 J 

c 

0 . 0  0.498 1021i 
0.0 0.5533 10212 
0.0 0+533 30213 
0 . 0  0,538 10214 
0.0 0,462 10235 

s 11 NUM 

2 . 3 4  30215 
3,oo 10215 
2 t t s R  3 021s 
0.01 10215 
O t O r J  3021 5 

-E55-  



4800 M at Nsr.es-IJ* 21 Sep 8 4  - 23 N o v  T a p e  7161/3* 

FREQUENCY TABLE FOR CllffffENT SPEED 

OIOO 
2*00 
4*00 
6eOO 
8 e O O  

lO*OO 
12,oo 
14 .00  
16,OO 
18+00 
20 * 00 
22 * 00 
2 4 , O O  
26*00 

2.00 
4.00 
4*00 
8 + 0 0  

10,oo 
12*00 
14900 
1 6 * 0 0  
1 R I O O  
20100 
22 * 00 
2 4 e O O  
?6*00 
38 00 

FREQUENCY RELATJUF. FR, 

2709 
3637 
2295 
1319 
235 
20 
0 
0 
0 
0 
0 
0 
0 
0 

0,265198 
0.356045 
0 224670 
0 1293 3 4  
0 * 023005 
0 + 001958 
0 * 000000 
0 * 000000 
0 000000 
0 000000 
0 000000 
0 * 000000 
0 * 000000 
0 * OOOQOO 

M E A N  3,50195 

STANIIARD D E U I A T I O N  2 3 3838 
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4800 PI at Nares-11, 21 Ssr 8 4  - 21 N o v  83, T d r e  716113, 

FREQUENCY TABLE FOR C U R R E N T  I l J R E C T I O N  

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
100 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 

10 
20 
30 
40 
5 0  
60 
70 
80 
90 
100 
110 
120 
130 
140 
1 SO 
160 
170 
180 
190 
200 
210 
220 
230 
240 
?SO 
260 
370 
280 
290 
300 
310 
320 
330 
340 
350 
360 

66 
67 
8 0  
105 
165 

195 
270 
335 
330 
273 
15'7 
201 
243 
296 
433 
449 
460 
433 
415 
389 
364 
425 
456 
447 
485 
452 
362 
315 
273 
230 
220 
19? 
148 
149 
110 

iao 

R E L A T I V E  FR, 

Oe006461 
0 006559 
0 OO7832 
0+010279 
0 + 01 6153 
0 01762 1 
0 0 01 9090 
0 + 026432 
0 e 032795  
0 03230'J 
0 026628 
0 +OI9285 
0103.9677 
0 023789 
0 028977 
0 042389 
0 + 04x55 
0 e 045032 
0 042291 
0,040627 
0 * 03HORl 
0 +OX634 
0*043605 
0 + 044640 
0 G43759 
0 047479 
0 044249 
0 9 035438 
0 + 030837 
0 07,6725 
0 022Si3.6 
0,021537 
0*0134Rl 
01014488 
0.014586 
0 6010768 
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4800 H a t  Narcs-IIt 21 SFP 84 - 21 NCJV E\5, T a r e  7 3 6 1 / 3 *  

FRERUENCY TABLE FOR TEMPERATURE 

LOWER E o u N n  UPPER EoiiNrl F R E R 11 EN C. Y 

1 t90 
1 t 9 5  
2*00 
2 * 0 5  
2t10 
2*35 
2 * 2 0  
2t25 
2.30 
2.35 
2 + 4 0  
2 * 4 5  
2 * 5 0  
2t55 
2*60 
2th5 

1 t95 
2*00 
2 . 0 5  
2*30 
2e15  
2.30 
2 * 2 5  
2 . 3 0  
2t35 
?e40 
2 * 4 5  
? * S O  
2t55 
2t60 
2t65 
2170 

0 
0 
0 
0 
0 
0 

274 
9386 

546 
9 
0 
0 
0 
0 
0 
0 

RELATIVE F R  t 

0 t 000000 
0 * 000000 
0 *oooooo 
0 000000 
0 t 000000 
0.000000 
0 026823  
0e91RH45 
0,053451 
0 t OOOPPl 
0 t 000000 
0 t 000000 
0 * 000000 
0 t 000000 
o*oooooo 
G 000000 

MEAN 2t25115 

STANDARD D E V I A T I O N  OeO14h7 
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4800 H a t  Nares-11. 2 1  S ~ P  84 - 21 Nav 8 5 ,  T a r e  7161/3*  

FREQUENCY TABLE FOR ATTFNUATION COEFFICIENT 

LOUER BDUNll IJFFFR POlJNn F R E O l l E N C Y  RELbTI'JE F R ,  

0110 
0115 
0.30 
o t 2 5  
0 .30  
0135 
0 1 4 0  
0 . 9 5  
0150 
0 . 5 5  
0.60 
0165 
0.70 
0175 

0115 
ot20 
0125 
0.30  
0 . 3 5  
0.90 
0145 
0150 
0 . 5 5  
0.60  
0165 
0+70 
0175 
0.80  

0 
0 
0 

6 
47 

JL75 
1657 
2905 

317 
3 
0 
0 
0 

c 
J 

cq 

M E A N  0 46563 

STANDARIi DEVJATION 0 04947 

0 1 000000 
0 t 000000 
0 1 000000 
0 t 000489 
0 e 000587 
0.004601 
0*516;J97 
01162212 
0 2P43PA 
01031033 
0 .000?94 
0 . 000000 
0 000000 
0 t 000000 
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S F '  IlATA A T  N A R E S - 1 1 7  5800 K E T E E S  
L I N E  1 THI iU  EN11 OF FILE: 

MEAN S 11 SKEWNESS F ; U E T O S I S  M I N  ?I A :i L E  i.!G T H 

S 3+41 2t15 0162  3t16 0180 13.50 7 8 2 7  

U - 0 t 7 2  2173 OtG7 2185 -8 t c.0  E t l G  7 6 2 7  

U -0 t 4 2  2t85 -0 + 66 4 1 0 7  -13+30 7.60 ? 8 2 ?  

T 2t08 0.01 O t 5 4  2 * 5 5  2+06 2,11 7827  

A O t 4 5  0 . 0 4  0,25 2t07 0136 0 t 5 4  782?  

E1lDY K E  - - 7.78 7827 POINTS 

HEAT F L U X  U = -0t01 7827  F'OINTE; 

HEAT FLUX U = -0101 7827 POINTS 

M O M E N T U M  FLUX = -0 t 6 5  7827 P O I N T S  

-E66-  



tLLP D A T A  AT NARES-111 5800 METERS 
L I N E  1 THF:U E N D  OF F I L E  

s rl S K E W N E S S  KUF:TOSIS M I N  M A X  LEP!GTH MEAN 

U -0 + 7 2  

V - 0 . 4 4  

T 2 . 0 8  

2 . 2 8  -0  07 2a46  - 6  t 62 4 . 8 6  1294 

2t32 -1 .15  5 , o i J  -10.31 5.11 1275 

OtOl Oa75 2.67 2.06 2.10 1206 

0104 0 . 2 5  2 , 0 6  0.38 ot53 12Cb  P 0 . 4 5  

- - 5.29 1296 P O I N T S  

HEAT FLUX u = -0 * 01 1296 F'OIE!TS 

HEAT FLUX U = -0to1 1296 F O I H T S  

-0 49 1296 P O I N T S  MOMENTUM FLUX = 

E ~ I D Y  KE 

-E67- 
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5800 Heters  at Naves-JXt 21 Ser 84 - 33 Au:~ 8 5 ,  T a ~ e  4923/35,  

F I R S T  5 LINES: 

2100 21 9 84 O t 8  63 o t 7  0.3 2 t l 0  
2200 21 9 84 0.8 38 O t 5  O t 4  2 .09  
2300 21 9 e4 O t 8  7P 0.7 0.2 2tO9 

0 2 2  9 84 018 71  Ot7 O * Z  2+09 
100 22 9 8 4  O t 8  9 3  Ot7 0 t O  2 t O 5 '  

LAST 5 LINES: 

1900 13 8 85 7 t 3  345 - 1 t 9  7 t l  2 . 0 8  
2000 13 8 85 h t 4  3 4 1  - 2 t 1  6.0 2 . 0 8  
2100 13 8 85 5 t 8  343 - I t 7  5tcS 3tO8 
2200 13 8 85 412 343 -J.t5 S * Q  2 t o s  
2300 13 8 85 4 t 9  350 -0t5' 4 . 8  2t0R 

o t o  
o t o  
o t o  
o t o  
o t o  

o t o  
0.0 
o t 0  
o t o  
o t o  

0t3R3 
01381 
0.1581 
0 , 3 8 1  
0t15PJ 

0 , 5 2 9  
0 . 52? 
0 . 5 2 9  
0 + 5 2 9  
0,539 

M I N  I IEAN M A X  s 11 NUM 

SPEEDY CM/SEC O t 8 O  3.43 115.50 2 t 1 5  7827 
U P  CM/SEC - 8 t 6 0  -0 . 72 s t10  2 * 7 3  7827 
V I  CH/SEC -13 t30  -0 + 43 7 .60  2 t 8 5  71327 
TEMPI DEG C 2 t 0 6  2 t 0 8  2 .11  o t o 1  7827 
ATTENt C t  3 / W  Ot36 O t 4 5  O t 3 4  0104 7827 

1 
2 
3 
4 
r 
J 

7823 
7824 
7F35 
7826 
78327 

T H I S  RECORD 'IS SHORT DlJE TO A LEAK WH'ICH REVELOPEIS I N  ni4E OF THE 

THE TRANSMISSOMETER UNnERIdkTFR [ I N I T  LFAiiE1S AT DEFTH 7 WHICH H A Y  
ACCOUNT F O R  THE LARGE OFFSET J N  ATTFNUATION CDFFFTCTENT SFFN ON 

TKANSMISSOMETEK F L F C T R I C A L  F'kSS THROlJGHS+ TT AL.Sn AFFFARS THAT 

15 M A R  85  N O  C O R R E C T T O N S  WERE APF' I ,T~:D m FR'OCESSFTI  ATTENUATION 
C O E F F I C I E N T *  

-E68-  



5800 t i  a t  Neres-II* 23 Sef- 84 - 33 Aug 8 5 ,  Tape 4Yz31/15, 

FREQUENCY TABLE FOR CIJRRFNT SPEED 

LOWER B O U N D  

o * o o  
2 , o o  
4 * 0 0  
6*00 
8*00 
10,oo 
1 2 * 0 0  
1 4 , O O  
16,OO 
18,OO 
20  * 00 
22,oo 
24.00 
26*00 

UPPER BOllN13 FRE(I \ lE NCY 

2 . 0 0  
4 . 0 0  
4*00 
8 . 0 0  

IOIO0 
1 2 * 0 0  
I4+00 
l&*OO 
l R * O O  
20 00 
222,OO 
24 + 00 
26*00 
28 .00  

HEAN 

STANKtARIi D F V I A T I O N  

2322 
3310 
I996 
79A 
158 

39 
6 
0 
0 
0 
0 
0 
0 
0 

3,41260 

2 15027 

REI. ATJUE. FR e 

0 296665 
0 320AR5 
0*255015 
0 e 103 A99 
0 *020187 
0 004983 
0 000767 
0 * 000000 
0 * 000000 
O.OQ~000 
0 * 000000 
0 O O Q O O O  
0 * 000000 
0.000000 



5800 H at. Nares-'tt* 22 SC)P 

FRERUENCY T4EL.E F O R  CllRRFNT 

LOWER EOUNO 

0 
10 
20 
30 
40  
50 
60 
70  
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 

IJPPER B O U N D  

IO 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360  

R4 - 13 A r t 9  

n J  RECT ION 

F R E t4 1.1 EN CY 

e9 
105 
161 
147 
138 
161 
172 
170 
163 
163 
157 
157 
184 
1 7 4  
130 
188 
21 4 
232 
277 
284 
21 9 
231 
243 
245 
293 
329 
359 
408 
420 
417 
323 
232 
209 
173 
118 
246 

R 3 *  Tape 4921/15, 

RELATIVE FR, 

0*011371  
0+013415 
0 030570 
0 1  018781 
0 017631 
0 020570 
0,021775 
0,021720 
0 020570 
0 * 0 2 0 8 2 5  
0 e 020OS9 
0 020059 
0 9 023SO8 
0 022231 
0 01 6h09 
0*0;)4019 
0 6027341 
0 029641 
0 035390 
0 + OrJh285 
0 + 027980 
0*02?513 
0*030791  
0+031302 
0 037435 
0 * 042034 
0 * 045867 
0,052127 
0 , 0536clO 
0 + 053277 
0 041267 
0 *0?9641 
0 9 036702 
0,022103 
0 9 015O76 
0,018653 

-E70- 



5800 H a t  Nares-11+ 21 Ser 84 - 13 A u r i  RS. T e ~ e  4921/15. 

F R E Q U E N C Y T A E I, E F 0 R T E 31 P E R A T I1 R E 

LOUER BOUND 

1 e 7 0  
1.75 
1 .80  
1 .85  
1 e90  
1 .?9 
2 + 0 0  
2.09 
2.10  
2.15 
2+20 
2 + ? 5  
2 . 3 0  
2.35 
2 . 4 0  
2 .45  

1.75 
1 + 8 0  
1.85 
1 .?O 
1.95 
2.00 
2 + 0 5  
2.10  
2.15 
2.30 
2 + 2 5  
2.30 
2.35 
3.40  
2.45 
2 t 5 0  

0 
0 
0 
0 
0 
0 
0 

6782 
1045 

0 
0 
0 
0 
0 
0 
0 

REt.AT JVE: FR e 

o+oooooo 
0 + 000000 
0 . 000000 
0 . 0 0 0 0 0 0  
0 . 000000 
0 t 000000 
0 + 000000 
0 a 866488 
01133512 
0 . 000000 
0 . 000000 
0 . 000000 
0 . 000000 
0 + 000000 
0 + 000000 
0 t 000000 

M E A N  2 07959  

ST A N D  A R  D DF. U I AT I O N  0.01086 



FREQUENCY TABLE FOR ATTENUATION COEFFICIENT 

LOWER BOUND 

0,lO 
0,15  
OIZO 
0 . 2 5  
0 * 3 0  
0*35 
0 + 4 0  
Ot45 
otso 
0 * 5 5  
0160 
Ot65 
0 + 7 0  
0 * 7 5  

011'5 
ot20 
0125 
Ot30 
0*35 
0 * 4 0  
0145 
0150 
0 * 5 5  
O * 6 0  
0 , 6 5  
0170  
0175 
0.80 

0 
0 
0 
0 
0 

1224 
2865 
2594 
1 1 4 4  

0 
0 
0 
0 
0 

MEAN 0 t 44185 

STANDARD DEVIATION 0 04082 

R E L A T I V E  F R *  

0 t 000800 
0 t 000000 
0 * 000000 
0 * 000000 
0 * 000000 
0 + 156382 
0 t 366841 
0,331417 
0 * 1 4 6 1 6 1  
0 t 000000 
0 * 000000 
0 * 000000 
0 000000 
0 000000 

-E72-  
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APPENDIX F 

RADIOCHEMICAL STUDIES AT THE NARES ABYSSAL PLAIN: 

FIELD STUDIES, NOVEMBER 15, 

N. D. LIVINGSTON, L. D SUPPRENANT AND W. R. CLARKE 
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FINAL TECHNICAL REPORT 

SUBSEABED DISPOSAL PROGRAH 

CONTRACT 32-5713 

with 
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Nares Abyssal Plain Field Studies - November 1985 
The decision to terminate the Subseabed Disposal Program occurred during 

our FY1986 research program. The impact of this decision for our laboratory 
was to restrict our activities to those involved with the 9-15 November 1985 
cruise to the Nares Abyssal Plain on R/V ENDEAVOR - as outlined as Task 1 of 
the contract. 
collection activities on this cruise and does not include any shore-based 
analytical results - since these analyses were postponed indefinitely because 
of the termination decision. 

This report is consequently limited to an account of the sample 

The objectives of our laboratory on this cruise were as follows: 

1) To deploy and test newly developed wire-deployed in-situ pumping systems 
for particle and soluble actinide collection. 

2) To test and evaluate the performance of different filters and chemisorber 
systems (for both actinide and cesium isotope collection). 

3) To collect a series of samples at different depths to obtain more detailed 
information on the distribution of fallout radionuclides at depths not 
sampled in 1984 - to enable more definition of various features of the pro- 
files. 

4 )  To deploy prototype passive chemical monitors (PCH) on the Nares-3 mooring 
set by the Oregon State University group. 

We were more fortunate than other cruise participants in that we were able 
to realize a major fraction of these objectives on ENDEAVOR-137. The cruise 
was made especially difficult because of the bad weather encountered which 
prevented deployment of the mooring on our leg and made the gear deployment 
and recovery more difficult. The loss of the CTD package, while disastrous 
for that program itself, only meant a loss of a supporting hydrographic data 
set for our samples - but we have the data collected in 1984 at the Nares site 
- so the major hydrographic characteristics are well described (assuming inter- 
annual differences are not present). 

1. Test Deployments of New In-Situ Pumps 

Only two of four new pumps were ready for testing on this cruise - the 
remainer of the in-situ pumping program was completed using three pumps of an 
older design. The new pumps are lighter, more stable, easier to move and 
secure, and offer greater access for installation of plumbing fixtures, filter 
housings, flow-meters, etc, The start and stop controls of the new pumps were 
activated by built-in electronic timers - instead of the separate pingerltimer 
controls in the older design. After some teething problems, these functioned 
well and represent a significant improvement over the older design in respect 
to flexibility and precision. There were some handling problems with the new 
pumps related to deploying them on 1/2” wire in bad weather. 
some minor modifications to the techniques used to rig the equipment as it is 
hung on the wire will be able to eliminate the problems encountered. 

We expect that 

The 
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deepest sample collected on the cruise, 5720m (Table 11, was collected with a 
pump in the new design. The volume pumped (1972 liters) and flow-rate (8.2 
liters/minute) were the highest subsurface values obtained on this cruise, We 
are satisfied that the new design performed properly in the field and that the 
new series of four such pumps extends the overall sampling capability by this 
method. 

2. Filters and chemisorbers 

Three types of filters were used on this cruise. They were: 

a) Polypropylene wound-fiber filter cartridges (lpm)-(POLY) 

b) Cotton wound-fiber filter cartridges (lpm)-(COTTON) 

c) Thin Sheet Hembrane Cartridges (9,6pm)-(TSH) 

The two wound-fiber cartridges are the same nominal pore size, Previous 
work had suggested that the cotton filters collected a higher fraction of the 
total concentration of radionuclides at any given depth. Filters were deployed 
at different depths and in various combinations (Table 1) to be able to assess 
the effect of the filter used on the nuclide partition observed between the 
dissolved and particulate phases, One issue which was of particular interest 
was the following: It is possible that the higher particulate radionuclide 
fraction collected by the cotton filters was not simply a result of more effi- 
cient collection of the particulate phase. It may be that the reason for the 
extra activity collected by the cotton filter was by direct absorption from 
the dissolved phase. The cotton fibers themselves may act as absorbers or the 
residual dust or soil particles entrained in the fiber may be active surfaces. 

Finally, one surface sample was collected using a thin sheet membrane 
filter. These filters are supposed to be both inert (with respect to absorp- 
tion properties) and highly effective in collection of small particles by fil- 
tration at high flow-rates and volumes, The limited time and weather condi- 
tions prevented us from collection of additional subsurface filter samples 
using this type filter. 

Four types of Hn02 absorbers were used. 
Table 1. They were as follows: polypropylene cartridges impregnated with 
Hn02 as used in 1984 (POLY); the same absorber but prepared without removing 
the anti-wetting agent - a tedious, time-consuming process (POLY-no-prefx); 
cotton filters loaded with pre-formed Hn02 at sea; and polyurethane foam 
plugs (2" X 1.5") impregnated by soaking in saturated KHn04 solutions for 5 
minutes. 

These were used as shown in 

All of these varieties were designed to optimize actinide collection in 
one way or another. The use of the filters prepared without removal of the 
anti-wetting agent was simply an operational convenience. The cotton absorbers 
were used to discover their effectiveness in collection of Pu - as appeared to 
have been observed in work in the Pacific. However, the form of fallout Pu 
may not be the same in the Atlantic and Pacific so it was considered necessary 
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Two manuscripts have been prepared for submission for publication, They 
are as follows: 

1. Livingston, H. D. and J. K. Cochran, 1986. Determination of transuranic 
and thorium isotopes in ocean water: in solution and in filterable 
particles. J. Radioanal. Nucl, Chem., submitted. 

2. Cochran, J. K., H. D. Livingston, D. J. Hirschberg and L. D. Sur renant, 
1986, Natural (232Th, 230Th and 228Th) and anthropogenic (239*24oPu, 
241Am) distributions in the Northwest Atlantic. 
to be submitted. 

Earth Planet. Sci. Lett., 

A copy of the first manuscript is attached to this report, and a copy of the 
second one will be forwarded when the final version for submittal is completed. 



EN137 TABLE 1 

DEPTH VOLUME RATE 
(METERS) (LITERS) (LImin.1 PF m 0 2  cs CAST PUMP 11 

3 2574.2 8.6 TSM Cotton Yes S-1 Ship's SW Supply 

.. 1. 11 3 3350.5 9.8 POLY+ POLY No s-2 
Cot ton+ 

** 1, tt 3 1319.1 4.2 POLY FOAM++ No s-3 

*, 11 1, 3 1050.3 5.5 Cotton POLY- No s- 4 
no-pref x*** 

.. .I 1, 3 1179.0 2.9 POLY FOAM++ NO s-5 

350 26.5 .2 POLY POLY Yes 1 5 

460 828.9 2.8 POLY FOAM++ Yes 2 3 

550 1584.8 5.3 POLY+ POLY No 2 2 
Cotton+ 

560 221.8 .7 Cott.on Cotton No 2 1 

660 1738.1 5.8 POLY + POLY No 4 2 
Cot ton+ 

1250 1958.7 6.5 POLY POLY No 4 1 

3500 617.7 >2.1* POLY FOAM++ Yes 4 3 

5720** 1972.4 8.2 POLY POLY Yes 3 5 

*: pump un-plugged during cast, pumping time uncertain 
**: depth determined acoustically, others by wire out. 

***: anti wetting agent not removed. 
+: two filters in series, poly first. 

++: Polyurathane foam. 
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to test this at the Nares site. A trade-off with the use of the impregnated 
cotton cartridges is that although they may be more efficient at Pu collection, 
they contain high Th blanks which limits their usefulness when Th is being 
measured simultaneously with transuranics. 
very easy to prepare - so if they were effective in actinide collection, they 
would represent a substantial savings in time spent in preparing the absorbers 
for use at sea. 

The polyurethane foam plugs are 

The final new type of absorber tested was a cesium isotope collector. 
Although copper ferrocyanide has been used in various ways to absorb cesium 
from seawater, it has never been used on filter cartridges. This offered 
potential for high flow-rate absorption performance because of the high sur- 
face areas available, 
after precipitation from mixing solutions of copper sulfate and potassium 
ferrocyanide. 
type. It was found that it was necessary to dry the cartridge at 80'C for the 
precipitate to be retained when seawater was passed through it. 
expect that these cartridges would function fairly well in terms of Cs collec- 
tion, we have subsequently refined and improved these techniques. We now use 
a cotton filter cartrige as a matrix which we find to retain the precipitate 
more effectively and leads to higher collection efficiences. Another advantage 
of this matrix is that it does not deform during drying. This problem some- 
times led to mechanical losses in absorbers of the polypropylene type. The 
current stage of development of these absorbers is such that volumes up to 
about 3000 liters may be processed before the absorber becomes saturated. 
During processing, at flow-rates up to 6 liters per minute, the efficiency of 
cesium collection decreases from an initial value around 90% to about 60% after 
2000 liters have been processed. 

The copper ferrocyanide was prepared by filtering it 

The filter cartridge used was the polypropylene wound-fiber 

Although we 

3. Additional Depth Sampling at Nares 

Some additional depths were sampled on this cruise to add to the detail 
obtained from the 1984 cruise. 
concentrated detail. 
out maximum noted at l5OOm in 1984. 
These samples were expected to be especially valuable in respect of confirming 
the presence of a deep 137Cs tracer signal. 
of advective ventilation of the deep water. Because of the very large volumes 
processed through the new style cesium collectors, this signal should be mea- 
surable with confidence and precision. It had been our hope to collect almost 
three times as many samples from various depths at Nares. However, the combi- 
nation of bad weather, pump malfunctions, and handling constraints lead to many 
fewer samples being collected than planned. 

Five depths in the range 350-660m were the most 
In addition, the 1250m sample would help define the fall- 

Finally, two deep samples were obtained. 

This is an important indication 

4. Passive Chemical Honitors (PCMs) 

The basic concept of passive chemical monitoring is to devise a chemical 

Generally such loca- 
matrix which can be deployed in the ocean at a position where potential radia- 
tion leaks from waste disposal operations might occur. 
tions might be monitored on infrequent research cruises to the site. If suit- 

-F5- 



able PCH's are developed which collect specific nuclides slowly from the dis- 
solved phase of seawater, they could potentially detect episodic releases which 
might be missed on periodic monitoring cruises. 
an integrated record over time of the ambient levels of the nuclides being 
monitored. The uptake of specific species would be normalized to a naturally 
present species in the local environment which also was collected by the PCH, 
The type of PCH tested at Nares is a sheet of polyurethane foam impregnated 
with Hn02 (by a technique similar to that described above for the polyure- 
thane filter plugs). 
particle reactivities - including the lanthanides and actinides. The idea is 
that 230Th can be used to monitor the volume of water processed by the PCH - 
since its ambient concentration is measurable. Other species detected by the 
PCH would then be measured relative to 230Th - after suitable correction for 
differential rates of uptake by different radioelements. At the Nares site we 
intended to test this concept throughout the water column using 230Th and 241Am 
to demonstrate feasability. From our 1984 studies, we know the distributions 
of both nuclides throughout the water column. We would use the amount of 230Th 
collected by the PCH to convert the 241Am collected to a concentration value. 
This in turn can be compared with the expected value from our previous studies. 

In effect, they would provide 

Hanganese dioxide can collect a range of metals with high 

Seven PCHs were attached to the NARES-3 mooring at depths ranging from 
750m to 5796m. It was 
our intention to analyze these samples following the eventual recovery of the 
mooring. Presently the collapse of the program has made the recovery plans 
uncertain and the future of this study cloudy. We plan on storing the samples 
until new funding can be raised to continue this work. 

The positions on the mooring are shown in Figure 1. 

Publications and Presentations 

Ironically, the program has stopped at a time when we had just begun to 
present some of the results of our actinide scavenging studies at meetings and 
in the scientific literature. There are many unanswered questions and addi- 
tional measurements required and, in addition, several papers which can be 
written on the basis of the work completed so far. 

The methodology of actinide collection and particle partition determina- 
tion has been presented at two meetings in 1986. These were as follows: 

1. American Geophysical Union - Ocean Sciences Heeting, New Orleans, LA (Febru- 
ary 1986): Livingston, H. D., J. K, Cochran, L. D. Surprenant and D. J. 
Hirschberg, 1985. Actinide distributions and particle associations in the 
North American Basin. Eos 66(51): 1293. 

2. International Conference on "Low-Level Measurements of Actinides and Long- 
Lived Radionuclides in Biological and Environmental Samples," Lund, Sweden 
(June 1986): Livingston, H. D. and J. K. Cochran, 1986. Determination of 
transuranics and thorium isotopes in ocean water: in solution and in 
filterable and sinking particles. 

Abstracts of these papers are attached to this report. 
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21. Determination of Transuranic and Thorium Isotopes in Ocean 
Water: in Solution and in Filterable and Sinking Particles. 

H.D. Livingston and J.K. Cochran 

Woods Hole Oceanographic Institution 
Woods Hole, MA 02543 (U.S.A.) 

Studies on the oceanic distribution of the actinides are often limited, particularly in 
the deep ocean, by analytical limitations in the determination of the very low concentrations 
present. This problem is exacerbated when actinide partition is measured between 
dissolved and particle-associated phases. Techniques of higher analytical sensitivity or 
sampling developments which substantially increase the amounts of actinides available for 
analysis yield improvements in the quality of such measurements. We describe recent 
sampling techniques which have permitted high-quality determination of actinide 
concentrations in Atlantic Ocean waters, at depths down to about 6OOO m, in both soluble 
phases: suspended particulate phases; and large-settling particle phases. 

The actinides represented include the natural series isotopes 228Th, 23oTh, and 
232Th, and the fallout transuranics 2399240Pu and Z41Am. We sampled dissolved and 
suspended particle phases using wire-mounted electrical pumping systems which have 
processed samples of up to 4OOO liters, at flow rates of 7 liters per minute. The suspended 
particles were first removed by filtration through 1 pm wound pol ypropylene-fiber 
cartridges. Thorium and Am isotopes were then collected by absorption from the filtrate on 
two Mn02-coated fiber cartridges in series. We collected large-settling particles at four 
sequential intervals annually in 0.5 m2 diameter sediment traps deployed at various depths. 
Analyses of the actinide content of ths material provided data on the fluxes of each actinide 
delivered to the deep Ocean on large sinking pdcles .  

This paper presents data from various locations in the Western North Atlantic which 
demonstrate the effectiveness of the sampling techniques in the development of a 
meaningful data set. The data speak to the nature of the processes which control the 
movement of these nuclides in the ocean, including physical mixing processes, and those 
which involve geochemical scavenging and vertical transport in association with oceanic 
particles. 
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Actinide Distributions and Particle Associations in 
the North American Basin 

H. D. Livingston,' J. K. Cochran,* L. D. Surprenant,' 
and D. J. Hirschberg2 

ABSTRACT 

Distributions of reactive actinides have been measured in solution, sus- 
pended particles, settline particles and sediments at the Hatteras and Nares 
Abyssal Plains. The data permit a comparison of transient and steady state 
particle tracer distributions - fallout transuranics and Th isotopes respec- 
tively. We discuss data from water column samples collected by 1) in situ 
pumps which filtered 1000-2000 Q through 1 pm wound-fiber cartridge 
prefilters ("particulate"), then two Hn02 coated fiber cartridges in series 
("dissolved") and 2) Niskin bottles (''total''). Radiochemical analyses showed 
that each HnOp cartridge absorbed Th and 241Am (but not Pu) efficiently 
(-83%) at flow rates up to 7 Q/min. The distributions of fallout Pu and 
241Am reflect transport primarily by physical processes of ventilation 
(traced here by 137Cs) despite sienif icant transport in association with 
settling particles. The major fraction of fallout transuranics is still at 
depths shallower than 2000 rn. Th isotope distributions result from their 
differing modes of input or production and the net effects of scavenging. 
228Th concentrations reflect the distribution of 228Ra and are highest in 
near-surface and near-bottom waters; 230Th is relatively more depleted in the 
u er ocean with values increasing to 0.8 dpm/1000 Q towards the bottom; 
235Th activities are controlled by the concentrations of suspended particles. 
Amongst the factors which affect the partition of these actinides between 
"particulate" and "dissolved" phases of the water column are 1) chemical 
reactivity, 2) half-life 3) concentration of suspended particles. The part- 
icle association characteristics observed for these actinide tracers show 
increasing particle reactivities (as percentage filterable) 1 ing in the 
ranges; Pu: 0.3-1.6, 241Am: 5-11, 228Th: 2-26, 230Th: 5-40, 212Th: 11-100. 

Eos %(51): 1293 (1985) - 



APPENDIX G 

NARES ABYSSAL PLAIN SEDIMENT FLUX STUDIES, 

FY 1986 ANNUAL REPOBT, J. DYMOND AND R. W. COLLIER 



1986 ANNUAL REPORT 
SUBSEABED DISPOSAL PROGRAM 

SUMMARY OF FIELD ACTIVITIES AND SAMPLES COLLECTED 

Contract 32-5716 

with 

Sandia National Laboratories 

Albuquerque, New Mexico 

Jack Dymond and Robert W. Collier 
College of Oceanography 
Oregon State University 

Corvallis, OR 97331 

May, 1986 

-G2-  



NARES ABYSSAL PLAIN SEDIMENT FLUX STUDIES 

Mooring NAP-2. 
On 21 September, 1984, a mooring ("NAP-2") was deployed at 23"14.5'N, 
64"02.1'W with an approximate bottom depth of 5835 meters. 
contained 6 upward looking traps (@ 720, 1420, 2870, 3785, 4770, 5780 
meters) and two inverted traps (@ 2900 and 4800 meters). This mooring was 

successfully recovered on 21 November, 1985. The details of this recovery 

and the samples are given below. 

This mooring 

Mooring NAP-3. 
On 22 November, 1985, another shorter trap mooring ("NAP-3") was deployed. 
The mooring was similar in design to NAP-1 and has two normal traps at 750 
and 4800 meters and an inverted trap at 4830 meters. 

Recovery results from NAP-2. 

The NAP-2 mooring was deployed from the R/V Endeavor on 21 September, 1984. 

This was on of the most detailed moorings ever deployed and its recovery and 

instrument performance were very good. The mooring was in the water for 426 

days. The following table summarizes the timer settings and recovery 

notes : 

CUD# start date total days 

1 9/21/84, 8/30/85 7 + 83 = 90 

2 9/28/84 84 

3 12/21/84 84 

4 3/15/85 84 

5 6/7/85 84 

(recovered 21 November, 1985.) 



Recovery Notes NAP - 2 

720 meters 

1420 

2820 

2900  [inv.] 

3785  

4770 

4800 [inv] 

5780 

(recovery normal, timer worked) 

(recovery normal, timer worked) 

(recovery normal, timer worked) 

(cup 1 washed out on recovery, timer worked) 
(changer failed, open to cup 2, bulk sample) 
(recovery normal, timer worked) 
(cup 1 washed out on recovery, timer worked) 

(changer failed when timer flooded, open to 
cup 2 ,  bulk sample) 

A l l  samples are currently located at the OSU Core Lab in an unprocessed, 
unsplit form. We hope to be able to do basic processing work ASAP to 

stabilize these valuable samples. A s  always, we will make splits and data 

available to other investigators as time and funds permit. 
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I .  Introduction 

This report describes work accomplished during FY 85 on samples of  
sea water and bottom sediments collected a t  the Nares Abyssal Plain. 
participated in the November 1985 cruise (EN-137) aboard the R/V E N D E A V O R  
t o  the Nares Abyssal Plain. Water samples were collected by in s i t u  pump 
and by hydrocast. The former were taken for  analysis of Th isotopes, Pu 

and 241Am, b u t  the analyses have n o t  been carried o u t  t h i s  year due t o  
reductions in funding. The hydrocast samples were taken for in s i t u  
r a d o n ,  and the i n i t i a l  analyses were made aboa rd  the ship. Details on the 
collection and analysis of samples from the cruise are given in Section 11. 

We 

Sediment studies completed t h i s  year involved samples collected in 
September, 1984 aboard the R/V ENDEAVOR (EN-121) and in February, 1984 by 
the R/V TYRO.  
Dornblaser. T h e  resul ts  a re  summarized in Section I11 and the thesis  
manuscript i s  included as Appendix A .  

This work forms the bulk of a Master’s thesis  by Mark 

Two manuscripts have been prepared t h i s  year in collaboration with 
Dr. Hugh Livingston. The f i r s t  involves the de ta i l s  o f  the in s i t u  
pumping  and subsequent laboratory analyses and has been submitted t o  the 
Journal of Radioanalytical and Nuclear Chemistry. This manuscript i s  
included as Appendix B .  The second manuscript describes the i n i t i a l  pump 
resu l t s  a t  Nares. We expect t o  submit i t  during Fal l ,  1986, t o  Earth and  
Planetarv Science Letters. 

11. Cruise Report EN-137, San Juan t o  San Juan, Puerto Rico 

Geochemical sampling d u r i n g  R/V ENDEAVOR Cruise EN-137 consisted of 
in s i t u  pumping, deployments of passive chemical monitors (PCM’s) on OSU 

moorings and water casts  for bottom radon.  Personnel for  Leg I included 
K. Cochran (SUNY), D.  Hirschberg (SUNY), L. Surprenant (WHOI)  and W .  

Clarke (WHOI).  Mr. Hirschberg remained on board for Leg 11. The original 
cruise plan called for a l l  geochemistry t o  be accomplished d u r i n g  Leg I .  
Severe weather forced the PCM deployments and radon casts  t o  be moved t o  
Leg I 1  and reduced t h e  number of pump samples taken on Leg 1. 
de t a i l s  t h e  in s i t u  pumping and radon c a s t s .  

This report 
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A. In Situ Pumps 

The in situ pumps sample large volumes of sea water for reactive 
chemical species, particularly the Th isotopes, Pu and 241Am. 
is pumped through a cartridge prefilter to separate the particles, then 
through chemically treated cartridges which extract dissolved 
radionuclides from solution. Our goals for the pumping were 1) to compare 
the retention of particles on membrane and cotton and polypropylene wound 
fiber prefilters, 2) to assess the efficiency of extraction of Pu from 
solution onto different manganese oxide substrates and at different flow 
rates and 3) t o  add to the pumping system a cartridge designed to scavenge 
dissolved 137Cs. Table 1 lists the samples recovered on four pump casts 
at Nares. 

Sea water 

B. Passive chemical monitors (PCM’s) 

These are rectangular pieces o f  polypropylene foam which have been 
soaked in a hot KMn04 solution to coat them with Mn02. They are designed 
to passively adsorb radionuclides from sea water during their deployment. 
Analysis of the foam after retrieval permits assessment of nuclide 
concentrations and activity ratios. For cruise EN-137, PCM’s were 
prepared in Dr. Hugh Livingston’s laboratory and were deployed on the 
current meter/sediment trap mooring set out during Leg 11. Figure 1 shows 
the depths of deployment. At the time of this report, the mooring remains 
deployed and no PCM analyses have been made. 

C. Radon casts 

Radon sampling was originally planned using 10 liter Niskin bottles 
on the CTD. 
forced us to reschedule the radon casts for Leg I1 and to use 30 liter 
Niskin bottles hung on the hydrowire. 
emphasizing sampling in the bottom -400 meters. 
bottles was made in the bottom 1000 meters and bottles were combined to 
make 10-15 liter samples. 

The loss of this instrument and the rough weather on Leg I 

Two such hydrocasts were made, 
A CTD cast using 5 liter 

Table 2 lists samples taken for radon. 



Subsequent inspection of the radon and nutrient data revealed that 
cast 1 had pre-tripped near the bottom, but not in the bottom 100 meters 
as intended. 
precise depths o f  these samples. 

Because temperature data were limited, we do not know the 

Initial radon extractions were performed on board the ship by 
circulating He through the samples. 
collected on charcoal and subsequently transferred to a scintilation cell 
for counting. A few of the water samples were returned to the laboratory 
for 226Ra analysis. 222Rn and 226Ra were allowed to reach secular 
equilibrium, and the radon was extracted and counted following the 
procedure outlined above. The blank-corrected data are given in Table 3 .  
Excess 222Rn is evident in the bottom 150 m and Figure 2 shows the 
profile. 
pre-tripped. Because casts 2 and 3 were designed to sample higher in the 
water column, data coverage is not the optimium in the bottom 100 m. 
Nevertheless, a trend of increasing excess 222Rn is seen toward the sea 
floor, and the values agree well with previous TTO measurements. 

The radon was stripped from solution, 

Samples from cast 1 are excluded from Table 3 because the cast 

Figure 3 shows a semi-log plot of excess 222Rn vs. depth above the 
bottom. From such a plot, it is possible to calculate the vertical eddy 
diffusion coefficient. The approach taken assumes that, in steady state, 
mixing i s  balanced by radioactive decay: 

a2C - xc  = 0 Kz 2 
a z  

The solution to eq (1) is 

c = C, exp [-(i)1’2 z ]  
Z 

Where C = activity o f  excess 222Rn at depth z 
C- = activity of excess 222Rn at the sea floor 

0 

x = decay constant for 222Rn 

KZ = 
z = depth above the bottom. 

vertical eddy diffusion coefficient 
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c- Applying eq (2) to the data in Figure 2 gives a value for K, of 39 

Station 24 corresponds to the Nares-1 site 

2 cm /sec. In comparison, values calculated for TTO stations 20, 22 and 24 
range from 5 to 73 cm /sec. 
and the value of 73 cm /sec is similar to that of 39 cm /sec measured 
here. It should be kept in mind that 222Rn reaches a steady state in 
about two weeks and there may be significant temporal changes in eddy 
diffusion when prof i 1 es are measured years apart. 

2 
2 2 

111. Sediment Studies 

Sediment studies which were begun last year and have been completed 
this year have focused on 1) the chronologies of particle mixing by 
organisms and accumulation of Nares sediments and 2) the construction of 
radionuclide mass balances. This work forms the basis of the Master’s 
thesis o f  Mr. Mark Dornblaser and is attached as Appendix A. 
summarizes briefly the results of that study. 

This section 

Additional analyses of 210Pb and 226Ra were made on box core subcores 
collected by the R/V TYRO in February, 1984. 
cores indicate that excess 210Pb decreases rapidly below the sediment- 
water interface and the additional results presented in Appendix A confirm 
this pattern; 210Pb and 226Ra appear to be in equilibrium by 4-5 cm depth 
in the cores. Particle mixing coefficients have been calculated from the 

for deep-sea sediments. 

Previous analyses of these 

new data and the range of values, .01-.17 cm 2 /y, remains near the low end 

Radiochemical and other solid phase analyses (bulk density, Fe, Mn 
content) were made on gravity core GC-1 collected in September, 1984 on 
the R/V ENDEAVOR. The core has excess 230Th present throughout its 170 cm 
length but the activities are low and erratic. 
deficient with respect to its parent 230Th even at depths of 170 cm. This 
suggests that the core represents a series of turbidite which have been 
deposited during the past 10,000 years. The average sediment accumulation 
rate is -20 cm/ky, a value in agreement with Kuijpers’(l985) results and 
consistent with the location o f  the core in the path of turbidity flows in 
the Nares Abyssal Plain (see Appendix A, Figure 1). 

Moreover, 226Ra is 

-H7-  
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Depending on the organic content of a turbidlite, oxidation of 
the organic matter can cause oxidation fronts to be set up in the 
sediments. 
fronts and core GC1 shows a good example o f  such a feature a t  -40 cm 
depth . 

Manganese and migrating 226Ra are trapped at these oxidation 

The second goal in this study has been the evaluation o f  radionuclide 
At Nares, this i s  perhaps best done for 210Pb and involves mass balances. 

balancing removal o f  ‘l0Pb from the water column with the fluxes measured 
in sediment traps and in bottom sediments. 

2 water column is estimated at -70 atoms/cm /min. 
atoms/cm /min are collected in a sediment trap at 4832 m and sediment 
fluxes are 7-14 atoms/cm /min. Thus it appears that only about 20% of the 
210Pb removed from the water column is accumulating at Nares; the 
remainder must be transported away and is probably removed at ocean 
boundaries such as mid-ocean ridges or the continental shelf-slope. 

Removal of 210Pb from the 
In comparison only 16 

2 
2 

For 230Th, the situation is similar in that the sediment traps record 
less than the removal from the overlying water column. 
figure is -80%. 
efficiency less than 100% because Bacon et al. (1985) report similar 
values for different type traps deployed near Bermuda. Rather, the lower 
values reflect scavenging removal of some of the 230Th at sites away from 
the Nares Abyssal Plain. 

In this case the 
We do not believe that this represents a trapping 
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Tab le  1. In s i t p i  pump samples t aken  d u r i n g  EN-137 Leg I .  

Cas t  Depth  Vol ume Pref i 1 t e r  Mn02 F i l t e r  cs 
(m) (1) Type** Type** 

1 
2 
2 
2 
3 
3 
4 
4 
4 
s- 1 
s-2 
s-3 
s-4 
s-5 

350 
460 
550 
560 

5670 
5720 
660 
1250 
3500 

3 
3 
3 
3 
3 

27.1 
848.1 
1622.5 
227.1 

- 

2019.3 
1779.4 
2005.3 
632.4 
2635.4 
3430.1 
1350.4 
1075.3 
1207.1 

Poly 
Poly 

Po ly tCo t ton  
Cotton 

Poly 
Poly 

Po ly tCo t ton  
Poly 
Poly 

Po ly tCo t ton  

Cotton 

TSM 

Poly 

Poly 

Poly 

Poly 

Poly 
Poly 
Poly 
Poly 

Foam 

Cotton 

Foam 
Cotton 

Poly 
Foam 
Poly 
Foam 

Yes 
Yes 

No 

No 

Yes 
Yes 

No 

No 
Yes 
Yes 

No 

No 
No 

No 

* 
** Fi l t e r  key: 

S u r f a c e  w a t e r  samples  us ing  deck pump. 

c o t t o n  = wound c o t t o n  f i b e r  c a r t r i d g e ,  TSM = membrane f i l t e r .  
Poly = wound po lypropy lene  f i b e r  c a r t r i d g e ,  



Table 2. Water casts for radon. 

Cast Bottle Depth* Cast Information 

1 

2 

3 

5834 (11 )  
5824 (21)  2136 11/20/85 local time 
5814 (31 )  Bottom depth = 5845 m 
5804 (41)  30 liter Niskin bottles 
5794 (51 )  
5779 (66 )  
5764 (81) 
5749 (96)  

23 O 18 ' 93 I' N , 63 O 5 7 ' 9 2 I' W 

5832 (13)  
5802 (43 )  
5772 (73)  
5742 (103) 
5712 (133) 
5682 (163) 
5652 (193) 
5622 (223) 
5592 (253) 
5562 (283) 

2 3 O 1 7 ' 7 5 N , 6 4 O 1 0 ' 0 5 " W 
1830 11/24/85 local time 
Bottom depth = 5845 m 

4950 (895) 23" 12 '88"N, 64'07 ' 7 1  " W  
5149 (696) 1130 11/25/85 local time 
5300 (545) 5 liter Niskins on rosette 
5449 (396)  with CTD 

* Values in parentheses are depths above bottom (m). 

.- 
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Tab le  3 .  Nares i n  s i t u  radon da ta .  

Depth 
(m) 

Meters  222R, 
above bo t tom ( d pm/ 1 0 0 ,t ) 

226R, 
(dpm/lOOa) 

4950 
5149 
5300 
5449 
5562 
5592 
5622 
5652 
5682 
5712 

5742 
5802 

895 
696 
545 
396 

283 
2 53 
223 
193 
163 
133 
103 

43 

13.3k1.3 

15.5k1.6 
1 8 . 4 t 1 . 8  
16.4k1.6 
22.2k2.2 
21.4k2.1 
16.3k1.6 
16.9k1.7 
18.121.8 
19.5k1.9 
2 0 . 7 t 2 . 1  

26.522.6 

15.0k1.5 

n.m. 

19 .o t1 .9  
19.Ok1.9 

n.m. 
n.m. 
n.m. 
n.m. 

17 .5k1 .0  

18.5A1.0 
n.m. 
n.m. 

n.m. = not measured 
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Abstract :  

E x c e s s  230Th a c t i v i t i e s  were recordea t h r o u g h o u t  t h e  l e n g t h  

of a g r a v i t y  core Collected o n  t h e  Nsres A b y s s a l  P l a i n .  

A c t i v i t i e s  were low a n d  e r r a t i c ,  s u g g e s t i n g  t h a t  t h e  

s e d i m e n t a r y  s e q u e n c e  is comprised of a s e r i e s  of r a p i d l y  

d e p o s i t e d  t u r b i d i t e s  separated by p o o r l y - d e f i n e d  l a y e r s  of 

p e l a g i c  s e d i m e n t a t i o n .  230Th a n d  226Ra a r e  i n  d i s e q u i l i b r i u m  a s  

d e e F  as  170cm, s u g g e s t i n g  t h a t  t h e  e n t i r e  l e n g t h  of t h e  core h a s  

been  deposi ted w i t h i n  t h e  l a s t  10 ,000  years. T h i s  i n d i c a t e s  a n  

o v e r a l l  a c c u m u l a t i o n  r a t e  as g r e a t  a s  10-20 cm/ky. 210Pb anC 

230Th b a l a n c e s  were made by c o m p a r i n g  water  c o l u m n  r e m o v a l  t o  

m e a s u r e d  s e d i m e n t  t r a p  f l u x e s  a n d  s e d i m e n t  i n v e n t o r i e s .  The 

s e d i m e n t  t r a p  c o l l e c t e d  2 9 %  of t h e  e x p e c t e d  210Pb f l u x  a n d  8 0 %  of 

t h e  e x p e c t e d  230Th f l u x .  The  s e d i m e n t s  recorded 1 2 %  of t h e  210Pb 

a n d  1 5 %  of t h e  230Th I t  i s  c o n c l u d e d  t h a t  210Pb a n d  230Th a re  

removed f r o m  t h e  o c e a n  i n t e r i o r  by h o r i z o n t a l  t r a n s p o r t  a n d  

s c a v e n g e d  a t  o c e a n  boundaries. 
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I. I n t r o d u c t i o n  

A wide  v a r i e t y  of c h e m i c a l ,  p h y s i c a l ,  and  b i o l o g i c a l  

processes affect  p a r t i c l e s  s i n k i n s  t h r o u g h  t h e  water co lumn frorr, 

t h e  s u r f a c e  u n t i l  t h e y  are  bu r i ed  i n  t h e  s e d i m e n t s ,  C h e m i c a l  

species undergo  t r a n s f o r m a t i o n s  be tween  o r g a n i c  a n d  i n o r g a r i i c  

forms a n d  d i s s o l v e d  a n d  p a r t i c u l a t e  forms, a s  w e l l  a s  a d s o r p t i o n  

a n d  d e s o r p t i o n  r e a c t i o n s  a n d  o x i 6 a t i o n  s ta te  changes ,  a n d  a re  

affected by p h y s i c a l  processes such  a s  edriy d i f f u s i o n  anc! 

a d v e c t i v e  t r a n s p o r t .  Once a p a r t i c l e  r e a c h e s  t h e  s e d i m e n t s  i t  can 

be affected by such  processes a s  b i o t u r b a t i o n ,  r e s u s p e n s i o n ,  and  

s e o i m e n t  winnowing a n d  f o c u s s i n g .  

The  p u r p o s e  of t h i s  s t u d y  h a s  been  t o  i n v e s t i g a t e  b o t h  t h e  

p r o c e s s e s  t h a t  t r a n s f o r m  a n c  t r a n s p o r t  p a r t i c u l a t e  mat te r  a n d  t h e  

r a t e s  of removal  of r e a c t i v e  chemical species from t h e  oceans.  

T h e  l o n g  term o b j e c t i v e  of t h i s  k i n d  of r e s e a r c h  i s  t o  u n d e r s t a n d  

t h e  f l u x  of mater ia ls  o n  t h e  scale  of t h e  wor16's oceans .  To 

reach s u c h  a n  end ,  w e  m u s t  f i r s t  i d e n t i f y  t h e  c o n t r o l l i n g  

p r o c e s s e s  a n d  m e a s u r e  t h e i r  rates. F o r t u n a t e l y ,  t h e  processes 

i n v o l v e d  may be approached from a n  a n a l y t i c a l  s t a n d p o i n t  w i t h  t h e  

use  of radi o i  s o t  opi  c d i  seq u i  1 i br i urn st udi  es. Th e r ad i  on u c l  ide s 

commonly u s e d  i n  t h e s e  s t u d i e s  are known as  ' p a r t i c l e - r e a c t i v e "  

n u c l i d e s .  They e x h i b i t  a n  a f f i n i t y  f o r  particles,  a n d  i t  i s  t h i s  

t r a i t  t h a t  m a k e s  t h e m  so u s e f u l  i n  t h e  s t u d y  of o c e a n i c  

processes. I n  order t o  describe a n d  m e a s u r e  t h e  r e m o v a l  of 

r a d i o n u c l i d e s  from t h e  water column, i n f o r m a t i o n  i s  needed o n  

f l u x e s  t h r o u g h  the water column, the p a r t i t i o n i n g  b e t w e e n  
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p a r t i c l e s  ana so lu t ion ,  a n d  the q u a n t i t i e s  of rad ionucl ides  i n  

sea f l o o r  sediments. One can c a l c u l a t e  these " inventor ies"  by 

i n t e g r a t i n g  t h e i r  a c t i v i t y  p r o f i l e s  over the seaiment column. 

Inventory d i f f e r e n c e s  between co res  provide information a b u t  

s p a t i a l  h e t e r o g e n e i t i e s  i n  p a r t i c l e  f l u x e s  and physical reworking 

(Aller and DeMaster, 1984). 

I n  t h i s  research, sed iment  core, sediment t r a p ,  arid seawater 

samples from the  western North A t l a n t i c  have been analyzed for 

uranium and tho r iun  s e r i e s  nuclides. Sediment cores y i e l d  

information on sedimentation r a t e s  ana the depth and r a t e  of 

b io logica l  s t i r r i n g .  Bioturbat ion i s  important i n  t h a t  sur face  

sediment s t i r r i n g  determines benth ic  f l u x e s  t o  t h e  water column 

and modi f ies  t h e  ma te r i a l  preserved i n  t h e  sediments .  For many 

elements, benthic  f luxes  c a n  be l a r g e  enough t o  g r e a t l y  impact 

global chemical mass balances (National Research Council, 1984). 

Sediment t r a p s  and seawater samples provide informat ion  on mass 

and n u c l i d e  f l u x e s  through the water column. These water colunn 

nucl ide  f luxes  provide data on b io logica l  cycl ing a s  w e l l  a s  

chemical and physical  cyc l ing  s i n c e  i t  has  been  shown t h a t  t h e  

rad ionucl ide  f luxes  covary w i t h  t h e  t o t a l  ma te r i a l  f luxes  (Bacon, 

1984; Deuser ,  1984; Bacon e t  al.,  1985). 

One of t h e m o s t  u s e f u l  a s p e c t s  of t h i s  type  of r e s e a r c h  i s  

t h a t  t h e  data may be brought together  t o  cons t ruc t  a geochemical 

balance for t he  radionuclides.  Eleasured s e d i m e n t  t r a p  f l u x e s  ana 

s e d i m e n t  i n v e n t o r i e s  may be compared t o  t h e  water column f l u x e s  

expected from the  known rad ionucl ide  inputs.  I f  t h e  f luxes  do not 

balance, much can  be l earned  about s u c h  t h ings  a s  benth ic  



r e g e n e r a t i o n  (Dymona, 1984) , s e d i m e n t  traI;  e f f i c i e n c i e s ,  a n a  

h o r i z o n t a l  t r a n s p o r t  (Buesseler e t  a l .  , 1985)  . 
Knowledge of t h e  deep  sea geochemis t ry  of meta ls  h a s  becone  

i n c r e a s i n g l y  i m p o r t a n t  a s  n a t i o n s  s u c h  a s  t h e  U n i t e d  S t a t e s  have  

begun c o n s i d e r i n g  t h e  p o s s i b i l i t y  of u s i n g  deep  sea s e d i m e n t s  a s  

a r e p o s i t o r y  f o r  h igh  l e v e l  r a d i o a c t i v e  waste (Nozaki e t  al., 

1981).  R a d i o n u c l i d e s  s u c h  a s  230Th a r e  u s e f u l  i n  deve loF ing  

models  f o r  removal  of heavy metals because of t h e i r  c o n s t a n t  

i n p u t  a n d  p a r t i c l e  r e a c t i v i t y .  I t  i s  hoped t h a t  t h i s  r e s e a r c h  

w i l l  i n c r e a s e  t h e  u n d e r s t a n d i n g  n o t  o n l y  of ma te r i a l s  c y c l i n g  i n  

g e n e r a l  b u t  a l s o  of processes s p e c i f i c a l l y  r e l e v a n t  t o  a r e g i o n  

t h a t  i s  under c o n s i d e r a t i o n  a s  a h i g h  l e v e l  r a d i o a c t i v e  waste 

r e p o s i t o r y .  

A. S t u d y  Area 

The Nares  Abyssa l  P l a i n  (NAP) is  l o c a t e a  n o r t h  of P u e r t o  

Rico i n  t h e  w e s t e r n  North A t l a n t i c  ( F i g u r e  1). I t  e x t e n d s  a b o u t  

8 0 0  k m  f r o m  e a s t  t o  west a n d  a b o u t  200-400 k m  f r o m  n o r t h  t o  s o u t h  

(Thomson e t  al., 1984).  It  i s  b o r d e r e d  t o  t h e  n o r t h  by t h e  

Bermuda Rise a n d  t o  t h e  s o u t h  by t h e  G r e a t e r  A n t i l l e s  O u t e r  

Ridge .  I t s  d e p t h  r a n g e s  f r o m  5800 m t o  n e a r l y  6 0 0 0  m w i t h  a n  

eastward s l o p i n g  sea f l o o r  h a v i n g  a g r a d i e n t  of abou t  1:4000 

(Tucholke,  1980). The N A P  i s  e s s e n t i a l l y  f l a t  a n d  i s  i n t e r r u p t e d  

only by o c c a s i o n a l  basement  h i g h s  a n d  v o l c a n i c  peaks (Sh ip ley ,  

1978). One of t h e  most i n t e r e s t i n g  f ea tu re s  of t h e  NAP is t h a t  

t h e  s e d i m e n t s  o f t e n  e x h i b i t  a l a y e r e d  sequence  Cqv,cbponding t o  

two main  t y p e s  of clay.  One is a brown c l a y ,  c o n s i d e r e d  p e l a g i c  

i n  o r i g i n ,  and t h e  o t h e r  is a c o a r s e  g rey  c l a y ,  c o n s i d e r e d  t o  be 
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t u r b i d i t i c  i n  o r ig in  (Shipley, 1978). 

B. Geochemistry of Radioisotopes 

The na tu ra l ly  occurring rad ionucl ides  of i n t e r e s t  i n  t h i s  

research belong t o  the uranium and thorium decay se r i e s .  

Following i s  a br ief  d i scuss ion  of t h e i r  geochemical behavior an6 

t h e i r  uses i n  t h i s  project .  

1. Uranium 

The uranium i so topes  of i n t e r e s t  a r e  pr imordial  2 3 E ( U  

(t1/2=4.5x10 9 y )  and 2 3 4 U  (t1/2=2.5x105y). Uranium i s  present  i n  

s o l u t i o n  a s  uranyl carbonate ( U 0 2 ( C 0 9 3 4 - ) ,  which i s  formed 

during chemical weathering ana e n t e r s  the ocean through r i v e r  

input. Since uranyl carbonate i s  q u i t e  soluble,  t h e  uranium 

i s o t o p e s  have a long res idence  t ime i n  the ocean, on the order of 

400,000 years. This a l l o w s  t h e  use of t h e i r  daughters  a s  t r a c e r s  

of oceanic  processes because the  a c t i v i t y  of uranium i s  

e s s e n t i a l l y  constant. The uranium i so topes  a r e  used t o  co r rec t  

t h e i r  daughters'  a c t i v i t i e s  t o  t h a t  w h i c h  i s  unsupported from 

uranium decay. They a r e  a l s o  important i n  t r a c i n g  t h e  depos i t ion  

of t u r b i d i t e s  i n  deep sea cores. The ox ida t ion  of organic  carbon 

from bottom water oxygen proceeds from t h e  tops  of t h e  t u r b i d i t e s  

downwards. Uranium r e d i s t r i b u t e s  i tsel f  t o  form a concentrat ion 

peak below t h e  o x i d a t i o n  f r o n t ,  and i t  i s  t h i s  marker  t h a t  a i d s  

i n  the  de t ec t ion  of t u r b i d i t e s .  



2. Thorium 

The tho r ium i so topes  of i n t e r e s t  a r e  pr imordial  232Th 

( tll2 5 1 . 4 ~  101Oy) a n d  230Th (tl/,=7.5xlO4y). Very l i t t l e  232Th i s  

found i n  seawater. Some m o b i l i z a t i o n  of t h o r i u m  o c c u r s  d u r i n g  

w e a t h e r i n g ,  b u t  mos t  of t h e  t h o r i u m  t h a t  e n t e r s  t h e  o c e a n  by way 

of r i v e r s  i s  i n  p a r t i c u l a t e  form (Cochran, 1982a ) .  230Th a l s o  

e n t e r s  t h e  o c e a n  t h r o u g h  i n  s i t u  decay of i t s  p a r e n t ,  23 4 u. 
Thorium i s  a pa r t i c l e  r e a c t i v e  e l e m e n t  a n d  i t  i s  q u i c k l y  t a k e n  up 

by pa r t i c l e s  a n d  removed from t h e  water column v i a  s e t t l i n g  

(Bacon a n d  Anderson, 1982) .  T h i s  process was r e f e r r e d  t o  by 

G o l a b e r g  (1954)  a s  "scavenging".  The major s c a v e n g i n g  p r o c e s s e s  

i n c l u d e  a d s o r p t i o n ,  c o - p r e c i p i t a t i o n  w i t h  Mn a n d  Fe o x i d e s ,  i o n  

exchange ,  a n d  i n c o r p o r a t i o n  i n t o  t h e  s h e l l s  of p l a n k t o n  (Cochran, 

1982a ;  R i l e y  and C h e s t e r ,  1 9 7 1 ) .  

One of t h e  major u s e s  of 230Th i s  a s  a c h r o n o m e t e r  f o r  

d e t e r m i n i n g  deep-sea s e d i m e n t  a c c u m u l a t i o n  rates. Due t o  i t s  l o n g  

h a l f - l i f e ,  230Th r e t a i n s  m e a s u r a b l e  l e v e l s  of a c t i v i t y  deep i n t o  

t h e  s e d i m e n t s  ( a s suming  s e d i m e n t a t i o n  r a t e s  on t h e  o r d e r  of 

cm/ky). All r a d i o a c t i v e  i so topes  decay  e x p o n e n t i a l l y  a c c o r d i n g  t o  

t h e  f o l l o w i n g  e q u a t i o n :  

A = AOe'At (1) 

w h e r e  A i s  a c t i v i t y ,  Ao i s  i n i t i a l ,  or s u r f a c e  a c t i v i t y ,  i s  the 

decay  c o n s t a n t ,  and  t i s  t i m e .  For d e e p  sea s e d i m e n t s ,  t i n  eq. 

(1) can  be replaced by x/s ( a s suming  a c o n s t a n t  s e d i m e n t  

a c c u m u l a t i o n  r a t e  a n d  p o r o s i t y ) ,  w h e r e  x i s  t h e  d e p t h  i n  t h e  

s e d i m e n t  a n d  s i s  t h e  s e d i m e n t a t i o n  rate. R e p l a c i n g  t i n  eq. (1) 

a n d  s o l v i n g ,  one o b t a i n s  

l n ( A )  = l n (Ao)  - A ( x / s )  ( 2 )  
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E q u a t i o n  ( 2 )  i s  a s t r a i g h t  l i n e  o n  a p l o t  of 1 n ( A l x s  v s .  d e p t h ,  

w i t h  a slope of - h / s .  (The s u b s c r i p t  xs  r e f e r s  t o  excess 

a c t i v i t y ,  t h a t  wh ich  i s  u n s u p p o r t e d  f r o m  t h e  p a r e n t  n u c l i d e . )  

S i n c e  A i s  known, a l l  one  h a s  t o  do t o  o b t a i n  t h e  s e d i m e n t a t i o n  

r a t e  i s  measure 230Th a c t i v i t i e s  w i t h  d e p t h  i n  a c o r e  a n d  p l o t  

them. T h e r e  are ,  however,  t h r e e  a s s u m p t i o n s  made when u s i n s  t h i s  

method ( T u r e k i a n  a n d  Cochran,  1978) :  1 ) t h e  a c t i v i t y  a t  t h e  

s e d i m e n t / w a t e r  i n t e r f a c e  (Ao) is  c o n s t a n t ,  2 ) t h e  s e d i m e n t a t i o n  

r a t e  a n 6  t h e  f l u x  o f  230Th t o  t h e  s e a i m e n t / w a t e r  i n t e r f a c e  a r e  

c o n s t a n t ,  and  3 ) t h e r e  i s  no  c h e m i c a l  m i g r a t i o n  of thor ium.  

A c c o r e n s  t o  B o n a t t i  e t  a l .  (1971) ,  t h o r i u m  i s  n o t  a f f e c t e d  by 

d i a g e n e t i c  m o b i l i t y .  F u r t h e r m o r e ,  f o r  a g i v e n  s i t e  i n  t h e  deeF  

sea, t h e  o t h e r  a s s u m p t i o n s  a re  g e n e r a l l y  v a l i d  ( a t  l e a s t  o n  a 

t h o u s a n d  y e a r  time sca le )  u n l e s s  t h e  s e d i m e n t  r e c o r d  h a s  been  

a f f e c t e d  by the d e p o s i t i o n  of t u r b i 6 i t e s .  A s  w i l l  be d i s c u s s e d  

l a t e r ,  t h i s  appears t o  be t h e  czse f o r  much of t h e  NAP, t h u s  

makin2  i t  e x c e e c i n g l y  d i f f i c u l t  t o  d e r i v e  a n y  m e a n i n g f u l  

se c i i  IT. enta ti on rates.  

Another  u s e f u l  p i e c e  of i n f o r m a t i o n  o b t a i n e d  f r o m  230Th 

a c t i v i t y  p r o f i l e s  i n  s e o i m e n t s  i s  t h e  depth of c o n t i n u o u s  m i x i n g  

by b e n t h i c  o r g a n i s m s  (Cochran, 1982b) .  B e n t h i c  f a u n a  r ework  t h e  

upper f ew c e n t i m e t e r s  of d e e p  sea s e d i m e n t s  on a time scale t h a t  

i s  rap id  r e l a t i v e  t o  t h e  h a l f - l i f e  of 230Th. The m i x i n g  p r o c e s s  

a l t e r s  t h e  a c t i v i t y  p r o f i l e  s u c h  t h a t  t h e  230Th a c t i v i t y  r e m a i n s  

v i r t u a l l y  c o n s t a n t  o v e r  t h e  d e p t h  i n  wh ich  t h e  m i x i n g  o c c u r s  

(Cochran a n d  Kr i shnaswami ,  1980).  Thus one c a n  r e a d  t h e  d e p t h  of 

c o n t i n u o u s  m i x i n g  f r o m  t h e  230Th p r o f i l e .  



P 
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G i v e n  230Th s e d i m e n t  t r a y  da t a  i t  a l s o  may be p o s s i b l e  t o  

ca l ib ra t e  t h e  c o l l e c t i o n  e f f i c i e n c y  of s e d i m e n t  traps.  Because  

t h e  uran ium c o n c e n t r a t i o n  i n  seawater i s  c o n s t a n t ,  one c a n  

p r e d i c t  w h a t  t h e  measured.  f l u x  o f  230Th s h o u l d  be. One s i m p l y  

i n t e g r a t e s  t h e  2 3 4 U  a c t i v i t y  o v e r  t h e  h e i g h t  of t h e  water column. 

Any d i s c r e p a n c i e s  b e t w e e n  t h e  m e a s u r e d  a n d  t h e o r e t i c a l  f l u x e s  c a n  

be a t t r i b u t e d  t o  t r a p p i n g  i n e f f i c i e n c i e s ,  a s s u m i n g  h o r i z o n t a l  

t r a n s p o r t  t o  be n e g l i g i b l e  (Knauer e t  al., 1979;  Brewer e t  al., 

1980) .  I t  w i l l  be shown i n  a l a t e r  s e c t i o n ,  however ,  t h a t  t h i s  

may n o t  be a v a l i d  a s s u m p t i o n  f o r  t h e  area under c o n s i d e r a t i o n .  

L a s t l y ,  s e d i m e n t  i n v e n t o r i e s  o f  230Th c a n  be c a l c u l a t e d  f r o n  

a s e 6 i m e n t  a c t i v i t y  p r o f i l e .  A s  p r e v i o u s l y  s ta ted,  t h e s e  

i n v e n t o r i e s  c a n  be used, a l o n g  w i t h  water co lumn f l u x  

c a l c u l a t i o n s ,  t o  c o n s t r u c t  a g e o c h e m i c a l  b a l a n c e  f o r  t h e  n u c l i d e .  

I f  t h e  t r a n s p o r t  of t h o r i u m  on s i n k i n g  p a r t i c l e s  i s  p r i m a r i l y  

v e r t i c a l ,  t h e n  i n v e n t o r i e s  s h o u l d  b a l a n c e  f l u x e s ,  a s s u m i n g  t h e  

f l u x e s  a r e  c o n s t a n t  o v e r  l a r g e  t ime periods. I t  h a s  r e c e n t l y  been  

shown, however ,  t h a t  h o r i z o n t a l  t r a n s p o r t  can  be a major r emova l  

mechanism of par t ic les  f rom t h e  d e e p  sea (Ancjerson e t  al.,  

1983b) .  O t h e r  processes t h a t  can  c o n t r i b u t e  t o  d e v i a t i o n s  f r o m  a 

b a l a n c e  i n c l u d e  s e d i m e n t  f o c u s s i n g ,  winnowing,  or bottom 

t r a n s p o r t  of s e d i m e n t s  by t u r b i d i t e s  (Cochran a n d  Osmond, 1976) .  

3. Radium 

The r ad ium isotope of i n t e r e s t  is 226R, (t1/2=1622y). Some 

r a d i u m  e n t e r s  t h e  o c e a n s  v i a  r i v e r s ,  b u t  mos t  o f  i t  e n t e r s  t h e  

o c e a n  from 230Th decay  a n d  recoi l  i n  t h e  s e d i m e n t s  (Cochran, 

1982a) .  I n  m a r i n e  s e d i m e n t s ,  226Ra/230Th a c t i v i t y  r a t i o s  a r e  
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t y p i c a l l y  l e s s  t h a n  one n e a r  t h e  s e a i m e n t / w a t e r  i n t e r f a c e  due t o  

t h e  a i f f  u s i o n  o f  226Ra i n t o  t h e  o v e r l y i n g  water. The a c t i v i t y  

r a t i o  grows t o  o n e  a t  d e p t h  i n  t h e  s e d i m e n t  ( C o c h r a n  a n d  

K r i s h M s w a m i ,  1980) .  Radium a c t i v i t i e s  are  used t o  c a l c u l a t e  t h e  

u n s u p p o r t e d  a c t i v i t i e s  of i t s  d a u g h t e r s ,  s u c h  a s  210Pb. 

4 .  Lead 

T h e  ma jo r  l e a d  i so tope  of i n t e r e s t  i s  210 P b  (t1l2=22.3y).  A 

s i g n i f i c a n t  source of * l0Pb  t o  t h e  s u r f a c e  ocean i s  t h e  

a t m o s p h e r e ,  where  i t  i s  produced f rom t h e  decay of 222Rn. R i v e r s  

s u p p l y  210Pb t o  t h e  o c e a n s  i n  t h e  par t icu la te  p h a s e  a n d  i t  i s  

a l s o  produced i n  s i t u  from t h e  decay of 2 2 6 R a  ( t h r o u g h  222Rn). 

210Pb, l i k e  230Th, i s  a p a r t i c l e  r e a c t i v e  i s o t o p e .  I ts  r e s i d e n c e  

time i n  t h e  deeF sea i s  on t h e  order of 15-100 y e a r s  (Spencer  e t  

a l . ,  1981). 

Pbxs g r a d i e n t s  i n  deep-sea s e d i n e n t s  c a n  be used  t o  210 

d e t e r m i n e  par t ic le  m i x i n g  rates. The mos t  common a p p r o a c h  t o  

m e a s u r i n g  s u c h  r a t e s  t r e a t s  t h e  m i x i n g  process l i k e  eday  

d i f f u s i o n .  A s  i n  t h e  case o f  230Th, a geochemica l  b a l a n c e  may be 

c o n s t r u c t e d  f o r  210Pb, u s i n g  s e d i m e n t  t rap ,  water column, a n d  

s e d i m e n t  i n v e n t o r y  data. S i n c e  b o t h  230Th a n d  210Pb a re  par t ic le  

r e a c t i v e ,  a c o m p a r i s o n  of t h e  r e su l t s  o b t a i n e d  f r o m  each  s e t  of 

budget  c a l c u l a t i o n s  p r o v i d e s  i n f o r m a t i o n  on  h o r i z o n t a l  vs .  

v e r t i c a l  t r a n s p o r t  of r a d i o n u c l i d e s  o n  d i f f e r e n t  t i m e  scales. 
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11. Methods 

A. G r a v i t y  c o r e  

One 2 m g r a v i t y  c o r e  (GC-1) was o b t a i n e d  f r o m  t h e  Nares  

Abyssa l  P l a i n  ( c r u i s e  EN-121, SeFtember  1984)  a t  5800 IC (see 

F i g u r e s  1 and 2 ) .  The c o r e  was c u t  i n t o  f o u r  50  c m  s e c t i o n s  and  

f r o z e n  for s t o r a g e .  The s e c t i o n s  were s p l i t  v e r t i c a l l y .  One s e t  

of s e c t i o n s  was used  t o  o b t a i n  s a m p l e s  a n d  t h e  o t h e r  se t  r ema ined  

f rozen .  I n i t i a l l y ,  12 randomly s p a c e d  samples were wi thd rawn  f rom 

t h e  c o r e  w i t h  a n  open-endeo 30 cc s y r i n g e .  I n  o r d e r  t o  i n s e r t  t h e  

s y r i n g e ,  t h e  c o r e  had t o  be s l i g h t l y  thawed,  b u t  was r e t u r n e d  t o  

t h e  f r e e z e r  immedia t e ly  a f t e r  sampling.  Volumes of t h e  s a m p l e s  

wi thd rawn  were n o t e d  a n d  l a t e r  u sed  t o  calculate d ry  d e n s i t i e s .  

The samples were weighed, p l a c e d  i n  250 m l  acid washed Pyrex  

beakers, a n d  p u t  i n  a n  oven a t  8OoC t o  dry ove rn igh t .  The samF1es 

were t h e n  reweighed,  ground by hand, s torea i n  p l a s t i c  bags, and. 

t h e n  a n a l y z e d  f o r  r a d i o n u c l i d e s  a s  described below. A l i q u o t s  of 

these s a m p l e s  were s e n t  t o  Oregon S t a t e  U n i v e r s i t y  for 

r a d i o c h e m i c a l ,  t race metal, a n d  o r g a n i c  ca rbon  a n a l y s i s .  L a t e r  i n  

t h e  c o u r s e  of r e s e a r c h ,  a d d i t i o n a l  s a m p l e s  were t a k e n  f rom GC-1 

f o r  i r o n  a n d  manganese a n a l y s i s .  

B .  B o x  C o r e s  

Box cores were collected d u r i n g  t h e  February  1984 c r u i s e  of 

t h e  Ft/V Tyro (see F i g u r e  2). A 1 0  c m  diameter s u b c o r e  of each box 

core was s h i p p e d  t o  Woods Hole Oceanograph ic  I n s t i t u t i o n  (WHOI). 

There each s u b c o r e  was sampled  i n  1-2 c m  i nc remen t s .  The s a m p l e s  
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were d r i ed  a t  l l O ° C ,  ground, and prel iminary noncjestructive 210Pb 

and 226Ra a s s a y s  were made a t  WHO1 (Cochran and Livingston,  1985) 

u s i n g  a planar germanium de tec tor  f o r  210Pb and a coaxial  G e ( L i )  

de t ec to r  f o r  226Ra. Approximately 0.5 g of sediment was then 

reserved f o r  radiochemical analyses  of 210Pb, 226Ra, Th, and U 

i s o t o p e s  a t  SUNY, Stony Brook. 

C. Seaiment T r a p s  

Sedinent  t r a p  samples were c o l l e c t e d  from c r u i s e  EN-121 of 

t h e  €0 Endeavor. The t r a p  mooring cons is ted  of two upwara- 

lookins  sed iment  t r a p s  ( a t  1463m and 4832m) and one downward- 

f a c i n g  t r a p  ( a t  4862m) (Dymond and C o l l i e r ,  1986). The t r a p s  were 

of t h e  s tandard 5-cup OSU design (Moser e t  a l . ,  1986). Each cup 

sampled f o r  approximately 80 days; t o t a l  deployment t ime was 

t h i r t e e n  months. Analyses of NAP sediment t r a p  samples were 

c a r r i e d  out by Davia Hirschberg of SUNY, Stony Brook. The 

a n a l y t i c a l  procedures f o r  t h e  samples a r e  t h e  same a s  those 

descr ibed f o r  sediments below (Krishnaswami and S a r i n ,  1 9 7 6 ;  

Flynn, 1 9 6 8 ;  Livingston e t  a l . ,  1975) . 

D. Radiochemical Procedure 

The  radiochemical a n a l y s i s  f o r  sed imen t s  i s  based on t h e  

210Po method descr ibed i n  Krishnaswami and Sa r in  ( 1 9 7 6 ) .  A 208P0 

t r a c e r  (SBP6, 0.5ml) and 0.5 m l  of a 232U/228Th t r a c e r  were added 

t o  0.59 of dr i ed  sediment .  The samples were t h e n  d isso lved  i n  

H C l ,  IiNO3, and HF acids .  The samples were brought up i n  50 r n l  of 

1.5 N HC1 i n  p repara t ion  for 210Pb ana lys i s .  Polonium was auto-  
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p l a t e d  o n t o  s i l v e r  d i s k s  a c c o r d i n g  t o  t h e  method of F l y n n  (1968).  

A s c o r b i c  a c i d  was a d d e d  t o  t h e  s a m p l e s  t o  r e d u c e  i r o n  a n d  p r e v e n t  

i t  from p l a t i n g .  T h e  s a m p l e s w e r e  p l a t e d f o r  t h r e e  h o u r s  i n a n  

8OoC water ba th .  The polonium was c o u n t e d  o n  a C a n b e r r a  Quad 

Alpha S p e c t r o m e t e r ,  Model 7404 .  I n  o r d e r  t o  calculate  t h e  

a c t i v i t y  of t h e  polonium f r o m  t h e  c o u n t s  measu red  o n  t h e  

spectrometer, t h e  f o l l o w i n g  e q u a t i o n  i s  used:  

A210 (C2io/C208) X A 2 0 8 / e e ( - h t )  X (V/K&) ( 3 )  

where:  AZl0 = a c t i v i t y  of 2 1 0 ~ 0  a t  t i m e  of 

p l a t i n g  (dpm/g) 

(C2lO/c208) = r a t i o  of 210Po c o u n t s  t o  208PO c o u n t s ,  

c o r r e c t e d  f o r  backs round  

A208 = a c t i v i t y  of 208Po a t  m i d p o i n t  

of c o u n t i n g  (dprr,/g ) 

= d e c a y  c o n s t a n t  for 21OPO 

t = time between c o u n t i n s  a n d  p l a t i n g  

v = volume of t r ace r  u s e d  

m = mass of sample 

Errors  r e p r e s e n t  la c o u n t i n g  s t a t i s t i c s .  

The sample  s o l u t i o n s  r e m a i n i n g  a f t e r  t h e  p l a t i n g  of polonium 

were s a v e d  for 226Ra a n a l y s i s  by a s t a n d a r d  222Rn e m a n a t i o n  

t e c h n i q u e  ( N a t h i e u ,  1977).  The s o l u t i o n s  were p u r g e d  w i t h  H e  f o r  

30 m i n u t e s  t o  r e m o v e  a n y  r a d o n  p r e s e n t  i n  t h e  s a m p l e .  T h e  

s o l u t i o n s  were t h e n  a l l o w e d  t o  s i t  f o r  at l e a s t  two  w e e k s  t o  l e t  

radium a n d  r a d o n  grow i n t o  secular e q u i l i b r i u m .  A t  t h a t  time H e  

was r e c i r c u l a t e d  t h r o u g h  t h e  s o l u t i o n  for 30 m i n u t e s  t o  ex t r ac t  

d i s s o l v e d  r a d o n  from t h e  sample. The r a d o n  w a s  a d s o r b e d  o n t o  a n  
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a c t i v a t e d  charcoal column a t  -6OOC i n  an  isopropanol/dry i c e  

bath- The column was heated i n  an oven a t  475OC t o  d r i v e  t h e  

radon off  the column and i n t o  an  evacuated glass s c i n t i l l a t i o n  

ce l l .  A t  t h i s  point  t h e  cel ls  were allowed t o  s i t  f o r  about t h r e e  

hours u n t i l  222Rn came i n t o  secular  equi l ibr ium w i t h  i t s  shor t -  

l i v e d  daughters  *18po and 2 1 4 P ~ .  The a c t i v i t y  of t h e  c e l l  was 

then counted on an Applied Techniques Co. Dual Radon Counter 

mobel DRC-biK-6. F i n a l l y ,  t h e  a c t i v i t y  was ca l cu la t ed  from t h e  

f ol lowins equation: 

A226 = [ k p d 3 ( 1 - e x p ( - ~ t l )  1 (exp(-At2) )El-Bl/m ( 4 )  

where: A226 = a c t i v i t y  of 226Ra (dpm/g) 

cpm = counts per minute 

,A = ciecay cons tan t  f o r  2 2 2 R n  

tl = time between e x t r a c t i o n  and purging 

t2 = time between counting and e x t r a c t i o n  

E = counting e f f i c i e n c y  

E = blank 

m = sample mass 

Counting e f f i c i e n c i e s  f o r  each cell  and counter Combination were 

determined by runs  of a n  M S  226Ra s t a n d a r d  Blank de termina t ions  

were made on d i s t i l l e d  water blanks e x t r a c t e o  l i k e  samples. Blank 

and e f f i c i ency  v a l u e s  have been en te red  i n t o  a computer program 

designed t o  s impl i fy  t h e  226Ra a c t i v i t y  ca lcu la t ions .  From 

repeated l abora to ry  measurements, o v e r a l l  experimental  e r r o r s  a r e  

approximately 10%. 

Following 226Ra ana lys i s ,  EN03 and H20Z were added t o  t h e  

sample s o l u t i o n s  t o  decompose t h e  a s c o r b i c  acid. The samples were 

b rough t  up t o  3 0  r n l  w i t h  8 N H C l  i n  p r e p a r a t i o n  for a d d i t i o n  t o  
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i o n  exchange  columns,  which separate uranium from thor ium.  The  1 0  

r.1 co lumns  were f i l l e d  w i t h  A G l X 8  100-200 mesh a n i o n  r e s i n  a n a  

c o n d i t i o n e d  w i t h  5 0  m l  of 8 N H C 1 .  T h e  s amples  were t h e n  added, 

a n d  t h e  c o l u m n s  were  w a s h e d  w i t h  65 rr.1 o f  8 N H C 1 ;  t h e  e l u t e d  

thorium f r a c t i o n  was s a v e d  f o r  f u r t h e r  p u r i f i c a t i o n .  Uranium was 

e l u t e d  from t h e  c o l u m n s  i n  70 ml of -02 N HC1. The t h o r i u m  

f r a c t i o n  was t a k e n  t o  d r y n e s s ,  t r e a t e d  w i t h  aqua r e g i a  a n d  8 N 

H N 0 3 ,  a n d  f i n a l l y  b r o u g h t  u p  t o  30 m l  w i t h  8 N H N 0 3  p r i o r  t o  

a d d i t i o n  t o  a thor ium c l e a n - u p  column. For t h i s  column,  t h e  r e s i n  

was c o n d i t i o n e d  w i t h  50 KJ of c o n c e n t r a t e d  HN03. Then t h e  sample 

was added ,  t h e  c o l u m n  was w a s h e d  w i t h  6 5  ml of 8 N H N 0 3 ,  a n a  

f i n a l l y  t h e  t h o r i u m  was  e l u t e d  w i t h  70  r c l  of  8 N HC1. 

The uranium f r a c t i o n  was t a k e n  t o  d r y n e s s  a n d  d i s s o l v e d  i n  

1 0  ml of  8 N HMO3 p r i o r  t o  a d d i t i o n  t o  u r a n i u m  c l e a n - u p  c o l u m n s .  

The r e s i n  was c o n d i t i o n e d  a s  w i t h  t h e  t h o r i u m - c l e a n  up columns. 

The sample was added,  t h e  c o l u m n s  were w a s h e d  w i t h  2 0  ml of 8 N 

H N 0 3 ,  and  f i n a l l y  u ran ium was e l u t e d  w i t h  70  m l  of .02  N HC1. 

The p u r i f i e d  uranium a n d  t h o r i u m  f r a c t i o n s  are F l a t e d  o n t o  

s ta inless  s teel  a i s k s  f o l l o w i n g  t h e  method of L i v i n g s t o n  e t  al .  

(1975).  The samples were p la ted  f o r  two h o u r s  a t  1 amp. After 

p l a t i n g ,  t h e  d i s k s  were placed i n  t h e  C a n b e r r a  Quad Alpha 

Spectrometer fo r  c o u n t i n g .  

After c o u n t i n g ,  232Th and 230Th a c t i v i t i e s  c a n  be c a l c u l a t e d  

u s i n g  the f o l l o w i n g  e q u a t i o n s .  They a r e  w r i t t e n  f o r  232Th, b u t  

t h e  p r o c e d u r e  f o r  230Th is  t h e  -me:  



A232 = (c232/c228) x A228 (v/m) ( 5 )  

where: A232  = a c t i v i t y  of 

(c232/c228) = r a t i o  of 232Th counts t o  228Th counts ,  

co r rec t ed  for background. 228Th counts 

a r e  a l s o  cor rec ted  f o r  224Ra decays 

which occur i n  228Th peak ene rg ie s  and 

f o r  n a t u r a l  228Th i n  the sample. 

2Th (dpm/g ) 

A228 = a c t i v i t y  of 228Th a t  t h e  time of 

U/Th separa t ion  (dprJrrJ) 

v = v o l m e  of t r a c e r  used 

m = mass of sample 

The a c t i v i t i e s  of 23% and 23411 are ca lcu la t ed  ( a f t e r  

counting) accorcing t o  the  f ollowincj equations. Here again,  both 

i so topes '  a c t i v i t i e s  a r e  ca l cu la t e6  i n  t h e  same manner: 

A238 = (c238/c232) x A232 ( V / m )  (6) 

where: A238 = a c t i v i t y  of 238U (dpm/g) 

(c238/c232) = r a t i o  of 23% counts t o  2 3 2 ~  counts,  

co r rec t ed  f o r  background 

A232 = a c t i v i t y  of 23% a t  time of 

counting (dpm/rr;l) 

v = t r a c e r  volume used 

m = mass of sample 

E. X-raaiographs 

Radiographs of f rozen  GC-1 s e c t i o n s  were made u s i n g  K o d a k  S B  

panoramic denta l  X-ray f i l m  and a tungsten X-ray source. The X- 

r a y  f i l m  was p l a c e d  d i r e c t l y  under t h e  c o r e  l i n e r  and t h e  X-ray 
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s o u r c e  was  s e t  a b o u t  1 m f r o m  t h e  f i l m .  E x p o s u r e  t ime  was 

approx ix r , a t e ly  0.5 sec. 

F. I r o n  a n a  F a n g a n e s e  

GC-1 was a n a l y z e d  f o r  t h e  metals Mn a n d  Fe w i t h  s t a n d a r d  

atomic a b s o r p t i o n  t e c h n i q u e s .  I n  p r e p a r a t i o n  for AA a n a l y s i s ,  0.1 

g a m o u n t s  of s a m p l e  were c o m p l e t e l y  d i s s o l v e d  i n  H C l ,  H N 0 3 ,  a n a  

HF. I n  a d d i t i o n  t o  t h e  G C - 1  s a n p l e s  t h a t  were a n a l y z e d ,  two 

repl icates  of NBS SRM 1645 R ive r  S e d i m e n t  a n d  one  sample of 

Canad ian  MESS-1 Mar ine  S e d i m e n t  were run .  

For Kn a n a l y s i s ,  t h e  d i s s o l v e d  samples were b r o u g h t  up t o  

100 m l  ( i n  v o l u m e t r i c  f l a s k s )  w i t h  1.5 N HC1. An 1BS Kn s t o c k  

s t a n a a r 6  of 1000  ppm was u s e a  t o  m a k e  up s tandards of 0.5, 1.0, 

1.5, 2.5, and  3.0 ppm. From t h e s e  s t a n d a r d s ,  a s t a n d a r d  curve was 

g e n e r a t e d  f r o m  which  a r e g r e s s i o n  e q u a t i o n  was d e t e r m i n e d  t o  

c a l c u l a t e  sample c o n c e n t r a t i o n s .  The s t a n d a r d s  a n d  samples were 

run on a Pe rk i r i  E l m e r  model 5000 Atomic  A b s o r p t i o n  

S p e c t r o p h o t o m e t e r .  For Hn, t h e  samples were r u n  w i t h  t h e  

background  corrector  a n d  a coarse s c r e e n  was u s e d  t o  block p a r t  

of t h e  l a m p  ene rgy .  

The sample s o l u t i o n s  were d i l u t e d  pr ior  t o  t h e  Fe runs .  F i v e  

rr3 of the s o l u t i o n s  were b r o u g h t  u p  t o  1 0 0  m l  w i t h  1.5 N HC1. An 

NE3S s tock  s o l u t i o n  of 1 0 0 0  ppm was u s e d  t o  m a k e  s t a n d a r d s  of 1.0, 

2.0, 3.0, 4.0, a n d  5.0 ppm. A s  w i t h  Mn, a s t a n d a r d  c u r v e  was 

g e n e r a t e d  t o  d e t e r m i n e  s a m p l e  c o n c e n t r a t i o n s .  The background  

c o r r e c t o r  was u s e a  for Fe a s  w e l l .  



G. Water Column 

Nine water column samples from t h e  NAP were analyzed f o r  

210Pb. The samples were c o l l e c t e d  from c r u i s e  EN-121 of t h e  R / V  

Endeavor by pa i red  30 L N i s k i n  samplers. The pa i red  samples were 

combine(: i n t o  Delex con ta ine r s  and a c i d i f i e d  on board. The 

samples were then s h i p p d  t o  WHOI. Approximately 4 L of each 

sample was saved for a n a l y s i s  a t  M R C ,  SUNY, Stony Brook. T o  each 

sample was acidea 0.2 m l  of t h e  208Po t r a c e r  SBP6,  0.5 m l  of 

Galena Pb  c a r r i e r ,  and 2.0 n l  of an Fe c a r r i e r  (5.0 g FeC13*6H20 

i n  100 m l  8 N H C 1 ) .  The pH of t h e  samples was then r a i s e d  t o  

about 7-8 w i t h  N H 4 0 H  t o  p r e c i p i t a t e  t h e  lead. The p r e c i p i t a t e s  

were c o l l e c t e d  and dissolved i n  50 m l  1.5 K HC1. Polonium was 

p la ted  fror;, these s o l u t i o n s  according t o  the procedure previously 

de scr  i be 6 f or se d i  ment  s. 

2 2 6 ~ a  analyses  of a f ew NAP 6eeF water samples were a l s o  

c a r r i e d  out  by David Hirschberg of NSRC by t h e  222Rn emanation 

technique (Mathieu, 1977) .  I n  order t o  determine t h e  removal of 

210Pb from the  water column a complete 226Ra p r o f i l e  was needed. 

The 226Ra p r o f i l e  was ca l cu la t ed  from silica ciata (GEOSECS 

S t a t i o n  32) since i t  has been shown t h a t  226Ra and S i  covary 

(Bacon e t  al., 1976) .  The equation used t o  c a l c u l a t e  226Ra va lues  

was: Ra (dpm/lOOkg) = 6.91 + .217*Si ( u m / k g )  (Bacon e t  a l . ,  

1 9 7 6 )  . 
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e- 111. R e s u l t s  

c 

T a b l e s  1 and 2 p r e s e n t  r a d i o c h e m i c a l  data a n d  a c t i v i t y  

r a t i o s  f o r  Box Core 32. The r a d i o c h e m i c a l  data f o r  t h e  r e m a i n i n g  

box cores a r e  g i v e n  i n  T a b l e  3. 210Pb a n d  210Pb,s v a l u e s  f o r  a l l  

box  c o r e s  have  been decay  corrected t o  t h e  time of c o l l e c t i o n .  

E x c e s s  230Th i n  BC32 exhib i t s  a r e l a t i v e l y  c o n s t a n t  a c t i v i t y  i n  

t h e  upper few c e n t i m e t e r s  a n d  t h e n  d r o p s  s i g n i f i c a n t l y  (see 

F i s u r e  6 ) .  Excess  210Pb a c t i v i t i e s  f o r  t h i s  core drop 

d r a m a t i c a l l y  f rom t h e  s e d i m e n t / w a t e r  i n t e r f a c e  downwards. The 

a c t i v i t y  r a t i o s  for  BC32 ( T a b l e  2)  p r e s e n t  t h e  e x p e c t e d  t r e n d s .  

2 1 ° P b / 2 2 i  a c t i v i t y  r a t i o s  decrease t o  o n e  a n a  226Ra/230Th 

a c t i v i t y  r a t i o s  i n c r e a s e  t o  one. Table  3 i n d i c a t e s  a n  order of 

m a g n i t u d e  v a r i a b i l i t y  i n  s u r f i c i a l  e x c e s s  210Pb a c t i v i t i e s .  

Excess  210Pb p r o f i l e s  of t h e  cores used  t o  c a l c u l a t e  m i x i n g  

c o e f f i c i e n t s  are p l o t t e d  i n  F i g u r e  3. The m i x i n g  c o e f f i c i e n t s  

d e t e r m i n e d  f o r  t h e  N A P  co res  f a l l  a t  t h e  low e n d  of t h e  r a n g e  of  

0.04-0.4 cm2/y c a l c u l a t e d  by DeMaster a n d  Cochran (1982) f o r  

A t l a n t i c ,  P a c i f i c ,  and  A n t a r c t i c  Ocean cores. 

Rad iochemica l  data a n d  a c t i v i t y  r a t i o s  f o r  GC-1 are  g i v e n  i n  

Tables 5 and 6, r e s p e c t i v e l y .  I n  F i g u r e  4 t h e  230Thxs p r o f i l e  i s  

p r e s e n t e d ,  a l o n g  w i t h  s e d i m e n t  color a n d  X-ray i n f o r m a t i o n .  

E x c e s s  230Th is c a l c u l a t e d  by s u b t r a c t i n g  t h e  measu red  

a c t i v i t y  f r o m  t h e  measu red  230Th a c t i v i t y .  T h i s  r e p r e s e n t s  t h e  

a c t i v i t y  of 230Th which  i s  u n s u p p o r t e d  from t h e  decay  of i ts  

p a r e n t ,  2 3 4 ~ .  S imi l a r ly ,  e x c e s s  210Pb is c a l c u l a t e d  a s  t h e  

mea s u r  ed 210Pb a c t i v i t y  minus t h e  measu red  226- a c t i v i t y .  The 

23 4u 
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problem w i t h  t h i s  c a l c u l a t i o n  of e x c e s s  210Pb i s  t h a t  i t  i g n o r e s  

t h e  p o s s i b i l i t y  of 222Rn m i g r a t i o n  ou t  of t h e  s e d i m e n t s  (Cochran, 

1985) .  However, s i n c e  i n  s i t u  222Rn data  a r e  n o t  a v a i l a b l e ,  

e x c e s s  210Pb i s  calculated r e l a t i v e  t o  226Ra. Cochran (1985) 

f o u n d  t h a t  s u c h  a s i m F 1 i f i c a t i o n  d i d  n o t  d r a s t i c a l l y  a f f e c t  t h e  

c a l c u l a t i o n  of m i x i n s  c o e f f i c i e n t s  and. i n  t h i s  s t u d y  a l l  b u t  o n e  

of t h e  m i x i n g  c o e f f i c i e n t s  a r e  estimated t o  be w i t h i n  a f a c t o r  of 

two of w h a t  t h e y  would be u s i n g  2 2 2 R n  t o  ca l cu la t e  e x c e s s  210Pb. 

I r o n  a n d  m a n g a n e s e  d a t a  f o r  G C - 1  a r e  g i v e n  i n T a b l e  7 a n 6  

p l o t t e d  i n  F i g u r e  5, a l o n g  w i t h  o r g a n i c  ca rbon  data. I n  Tab le  7, 

s t a n d a r d  d e v i a t i o n s  of  t h e  a n a l y s e s  of f i v e  rep l ica te  s a m p l e s  a t  

t h e  97-99 c m  d e p t h  i n t e r v a l  were a p p l i e d  t o  a l l  o t h e r  d e p t h s  a s  a 

p e r c e n t  error .  The NBS c o n c e n t r a t i o n  r e c o r d e d  i n  t h e  t a b l e  i s  a n  

a v e r a g e  of two r e F 1 i c a t e s .  The manganese p r o f i l e  i n  F i g u r e  5 

s h o w s  a l a r g e  maximum a t  40  cm and c o n s i s t e n t l y  lower v a l u e s  

deeper i n  t h e  core. The  i r o n  p r o f i l e  i s  more  e r r a t i c ,  w i t h  v a l u e s  

f a l l i n s  i n  t h e  r a n g e  of 2-6%. O r g a n i c  c a r b o n  c o n t e n t  a v e r a g e s  

0.2-0.3% w i t h  a maximum a t  88 cm.  

T h e  s e d i m e n t  i n v e n t o r y  d a t a  for 210Pb i n  a l l  co res  i s  f o u n d  

i n  Table  9. I n v e n t o r i e s  were d e t e r m i n e d  by i n t e g r a t i n g  t h e  

a c t i v i t y  of e x c e s s  210Pb w i t h  depth.  For t h e s e  c a l c u l a t i o n s ,  a 

d ry  b u l k  d e n s i t y  of 0.78 g/crn3 was used. T h i s  was t h e  d e n s i t y  

d e t e r m i n e d  f o r  t h e  uppermost  s a m p l e  i n  GC-1 (Table 5 ) .  I n  t h e  

cases where t h e  e x c e s s  210Pb a c t i v i t i e s  d i d  n o t  decrease t o  n e a r  

zero i n  t h e  i n t e r v a l s  sampled (BCO9, B C l S ,  and  B C 2 5 ) ,  

e x t r a p o l a t i o n s  were made t o  ca lcu la te  i n v e n t o r i e s  by f i t t i n g  

c u r v e s  t o  t h e  prof i les .  I n  core B C 3 2 ,  c o n t i n u o u s  i n t e r v a l s  were 
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not  sampled f c r  210Pb. Therefore ,  i n t e r m e d i a t e  a c t i v i t i e s  w e r e  

i n t e r p o l a t e d  l i n e a r l y  from surrounding a c t i v i t i e s  i n  order t o  

c a l c u l a t e  t h e  inventory .  



IV. Discussion 

A. Sediments 

1. P a r t i c l e  Mixing  Rates  

Tables  1 and 3 present  t h e  radiochemical data  used  t o  

c a l c u l a t e  p a r t i c l e  m i x i n g  ra tes .  The da ta  i n d i c a t e  an order of 

magnitude range i n  t h e  s u r f i c i a l  excess 210Pb a c t i v i t i e s  

measured. The poss ib l e  reasons for the  observed v a r i a b i l i t y  a r e  

as fol lows:  1 ) t h e r e  i s  a c t u a l  v a r i a b i l i t y  i n  t h e  210Pb a c t i v i t y  

of the sediments being deposited,  2 ) t h e r e  i s  a l o s s  of t h e  

upperrost  s ec t ion  of t he  core due t o  recovery problems, and 

3 ) t h e r e  i s  s p a t i a l  v a r i a b i l i t y  i n  the p a r t i c l e  m i x i n g  ra te .  "he 

seaimentary environment of t he  NAP i s  complex (Thomson e t  al . ,  

1984; Carpenter e t  al . ,  1983; Cochran and Hirschberg, 1985) .  The 

NAP i s  s u b j e c t  t o  p e r i o d s  of t u r b i d i t i c  a s  w e l l  a s  p e l a g i c  

sedimentation, and sediment winnowing and focuss ing  i s  a common 

occurrence (Duin ,  1985). T h u s  t h e r e  probably is some s p a t i a l  

v a r i a b i l i t y  i n  t h e  210Pb being deposited. I t  a l s o  appears  t h a t  

t h e r e  may have been  some problems w i t h  t h e  recovery of t h e  box 

cores  r e s u l t i n g  i n  t h e  loss of core tops  (Kirk Cochran, pers. 

comm. ) . 
Radionuclide p r o f i l e s  used t o  c a l c u l a t e  p a r t i c l e  m i x i n g  

r a t e s  a r e  t y p i c a l l y  described w i t h  a steady s t a t e  v e r t i c a l  

advect ion d i f f u s i o n  model (DeMaster and Cochran, 1982; Cochran, 

1985). Bio logica l  mixing does not  always t r anspor t  particles i n  

an eddy d i f fus ion - l ike  manner, b u t  t h e  method i s  useful  because 

i t  a l lows  t h e  comparison of m i x i n g  r a t e s  i n  d i f f e r e n t  sedimentary 
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e n v i r o n m e n t s  a n d  on d i f f e r e n t  time scales. The g e n e r a l  e q u a t i o n  

t h a t  describes t h e  sys tem can  be w r i t t e n  a s  f o l l o w s  (Cochran, 

1 9 6 5 )  : 

where:  t = time ( y )  

f = d r y  b u l k  d e n s i t y  (g  d r y  sed/cm3 wet sed )  

A = excess a c t i v i t y  (dprrJmass dry sed) 

z = depth  (cm) 
2 DB = par t i c l e  mix ing  c o e f f i c i e n t  ( c m  / y )  

S = s e d i m e n t a t i o n  r a t e  (cxrdy) 

= decay c o n s t a n t  (y'l) 

S i n c e  sed imen t  a c c u m u l a t i o n  d o e s  n o t  g e n e r a l l y  c o n t r i b u t e  t o  t h e  

d i s t r i b u t i o n  of s h o r t e r - l i v e d  n u c l i d e s  s u c h  a s  210Pb i n  t h e  deep  

sea,  t h e  a c c u m u l a t i o n  term i n  t h e  above  e q u a t i o n  c a n  be ignored.  

Equat ion  7 i s  t h e n  s o l v e d  for *10pb, a s suming  s t e a d y  s t a t e ,  

Cons tan t  DB i n  t h e  mixed  zone, c o n s t a n t  p 8 and t h e  c o n d i t i o n s  A 

= A, a t  L - C, 2."" a n o e s  t o  z e r o  a s  z g o e s  t o  i n f i n i t y .  T h e  

s o l u t i o n  i s  a s  f o l l o w s :  

A = A , ~ x P I - z ( ) ~ D ~ )  1 /2  J ( 8 )  

There a re  many a s s u m p t i o n s  i n v o l v e d  i n  u s i n g  eq. (8) ,  b u t  i t  

a l l o w s  t h e  c a l c u l a t i o n  of mix ing  r a t e s  t h a t  c a n  e a s i l y  be 

compared for v a r i o u s  l o c a t i o n s  a n d  envi ronments .  G iven  t h e  s t a t ed  

a s s u m p t i o n s ,  t h i s  e q u a t i o n  i s  a p p r o p r i a t e  a s  l o n g  a s  excess 210Pb 

decreases t o  small  v a l u e s  w i t h i n  t h e  mixed zone. From t h e  excess 

230Th p r o f i l e  i n  F i g u r e  6 it appears t h a t  t h e  m i x e d  zone may 

e x t e n d  down t o  4-5 c m .  T a b l e s  1 a n d  3 c o n f i r m  t h a t  for t h e  box 

c o r e s  used  t o  calculate mix ing  c o e f f i c i e n t s ,  e x c e s s  210Pb does 

decrease t o  low v a l u e s  w i t h i n  t h i s  zone. 
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F i g u r e  3 s h o w s  excess 210Pb p r o f i l e s  f o r  f i v e  box  c o r e s  t h a t  

were use6  t o  d e t e r m i n e  pa r t i c l e  m i x i n g  c o e f f i c i e n t s .  The p r o f i l e s  

f o r  box  c o r e s  9 a n d  1 5  were n o t  u s e d  t o  c a l c u l a t e  a m i x i n g  

c o e f f i c i e n t  b e c a u s e  t h e  e x c e s s  a c t i v i t i e s  r e c o r d e d  f o r  t h e  2-3 cm 

i n t e r v a l s  were a c t u a l l y  g r e a t e r  t h a n  t h o s e  recorded .  f o r  t h e  1-2 

CITI i n t e r v a l s .  T h i s  c o u l d  occur w i t h  t h e  f i l l i n g  i n  of b u r r o w s  

w i t h  s u r f  i c i a l  s e d i m e n t ,  and  a c c o r d i n g  t o  c o r e  d e s c r i p t i o n s  

b u r r o w s  were e v i a e n t  i n  a l l  co res .  Cochran a n d  L i v i n g s t o n  (1984)  

c a l c u l a t e d  m i x i n g  c o e f f i c i e n t s  f o r  t h e  same box cores  b u t  w i t h o u t  

t h e  b e n e f i t  of h a v i n g  a c t i v i t i e s  r e c o r d e o  f o r  t h e  2-3 cm 

i n t e r v a l s  (and t h e  4-5 c m  i n t e r v a l  f o r  BC32). A c o m p a r i s o n  of 

t h e i r  r e s u l t s  t o  t h o s e  of t h i s  s t u d y  is g i v e n  i n  T a b l e  4. The 

a o a i t i o n a l  samF1es run i n  t h i s  s t u d y  g e n e r a l l y  r e s u l t e d .  i n  s l i g h t  

i n c r e a s e s  i n  t h e  % v a l u e s  of Cochran  a n d  L i v i n g s t o n  (1984).  

T h e r e  i s  b e t t e r  t h a n  a n  o r d e r  of magn i tuc i e  r a n g e  i n  t h e  m i x i  

c o e f f i c i e n t s .  Thus, even  though t h e  p o s s i b i l i t y  of v a r i a b l e  

d e p o s i t i o n  h a s  n o t  been  r u l e d  o u t r  it i s  b e l i e v e d  t h a t  t h e  

resul ts  i n d i c a t e  rea l  v a r i a b i l i t y  of p a r t i c l e  m i x i n g  o n  t h e  

no, 

210Pb 

NA P. 

S i n c e  t h e  d e e p  sea i s  t y p i c a l l y  c h a r a c t e r i z e d  by a low abundance  

a n d  h i g h  d i v e r s i t y  of f a u n a  a n d  d i s p l a y s  a v a r i a b i l i t y  i n  b e n t h i c  

biomass o f  about a n  o r d e r  of magn i tude  ( T u r e k i a n  e t  a l .*  1 9 7 8 ) ,  

t h i s  c o n c l u s i o n  is n o t  u n r e a s o n a b l e .  

2 .  Longer Term C h r o n o l o g i e s :  G r a v i t y  Core 1 

The Nares A b y s s a l  P l a i n  (NAP) i s  a n  area of d e p o s i t i o n  of 

d i s t a l  t u r b i d i t e s  (Thompson e t  al.,  1984;  C a r p e n t e r  e t  al., 

1983).  The g e o c h e m i c a l  a n d  X-ray data p r e s e n t e d  h e r e  a r e  
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c 
c o n s i s t e n t  w i t h  t h e s e  f i n d i n g s .  Although excess 230Th i s  p r e s e n t  

t h roughou t  t h e  l e n g t h  of t h e  core ( T a b l e  5 ,  F i g u r e  41, t h e  

p r o f i l e  does  n o t  d i s p l a y  a smooth d e c r e a s e  i n  230Th,s a c t i v i t y  

w i t h  depth.  A c t i v i t i e s  f o r  GC-1 v a r y  i r r e g u l a r l y  w i t h  d e p t h  a n d  

are  low compared t o  other  c o r e s  f rom t h e  NAP (Carpen te r  e t  al., 

1983). Dry bulk d e n s i t i e s  f o r  GC-1 a r e  l a r g e  f o r  deep  sea p e l a s i c  

s e d i m e n t s  (Kirk Cochran, pers. comm.) 

The sed imen ta ry  sequence i n  G C - 1  o n  t h e  NAP c o n s i s t s  of 

a l t e r m t i n s  l a y e r s  of brown a n d  grey  s e d i m e n t s  ( F i g u r e  4 ) .  The 

brown s e d i m e n t s  a re  though t  t o  be s l o w l y  a c c u m u l a t i n g  p e l a g i c  

c l a y s  w h e r e a s  t h e  g r e y  c l a y s  a r e  t h o u g h t  t o  be t h e  r e s u l t  of 

r a p i d l y  d i epos i t i ng  t u r b i d i t e s  (Thomson e t  al.,  1984).  Both c l a y s  

have  t h e  same t e r r i g e n o u s  o r i g i n  (ShiFley ,  1978; C a r p e n t e r  e t  

al., 1983).  Cclor  changes  i n  GC-1 were d i f f i c u l t  t o  d e t e c t  due t o  

ice c r y s t a l  f o r m a t i o n  on t h e  sed imen t s .  I t  d o e s  a p p e a r  t h a t  two 

major  grey  c l a y  s e c t i o n s  e x i s t  i n  t h e  sequence ( F i g u r e  4 ) ,  b u t  

t h e  c o l o r  b o u n d a r i e s  canno t  n e c e s s a r i l y  be t a k e n  a s  t h e  t rue  

b o u n d a r i e s  of t h e  t u r b i d i t e s .  One r e a s o n  f o r  t h i s  i s  t h a t  

s e d i m e n t s  have  been obse rved  t o  chanse  c o l o r  be tween t h e  t i m e  

co re s  a r e  c o l l e c t e d  a n a  t h e  t ime t h e y  a r e  d e s c r i b e d  i n  t h e  

l a b o r a t o r y  ( S h i p l e y ,  1978). Another r e a s o n  i s  t h a t  r e d o x  

r e a c t i o n s  a s s o c i a t e d  w i t h  o r g a n i c  matter d i a g e n e s i s  i n  t u r b i d i t e s  

o f t e n  cause color changes. Upon d e p o s i t i o n ,  t h e  o x i d a t i o n  of 

organic c a r b o n  i n  t u r b i d i t e s  p r o c e e d s  f rom t h e  tops of t h e  

t u r b i d i t e s  downwards. The r a t e  a t  which  t h e  f r o n t  moves i s  

de te rmined  by both  t h e  r e d u c i n g  c a p a c i t y  of t h e  sed imen t  ( t h e  

amount of o r g a n i c  ca rbon)  a n d  t h e  b a l a n c e  be tween t h e  d i f f u s i v e  

f l u x e s  of r e d u c t a n t s  (Mn2+ and  Fe2+) a n d  o x i d a n t s  (02 a n d  NO3-1 



(Wi l son  e t  al., 1986). When t h e  f l u x e s  a r e  equal, t h e  f r o n t  no  

l o n g e r  d e s c e n d s  i n t o  t h e  t u r b i d i t e .  As s e d i m e n t  c o n t i n u e s  t o  

accumulate above ,  t h e  l e v e l  of zero o x i d a n t  c o n c e n t r a t i o n  t h e n  

t r a v e l s  upwards t h r o u g h  t h e  s e d i m e n t ,  m a i n t a i n i n g  a c o n s t a n t  

d i s t a n c e  f r o E  t h e  s e d i m e n t / w a t e r  i n t e r f a c e .  

An a s s o c i a t i o n  of a u t h i g e n i c  uran ium w i t h  o r g a n i c  c a r b o n  i n  

m a r i n e  s e d i m e n t s  i s  we l l  known (biangini  a n a  Dominik,  19791, a n d  

i t  has b e e n  s h o w n  t h a t  u r a n i u m  may be m o b i l i z e d  t o  f o r m  a 

c o n c e n t r a t i o n  peak below t h e  o x i c j a t i o n  f r o n t  ( C o l l e y  a n d  

Thompson, m a n u s c r i p t  1. I so topic  d i f f e r  e n t i  a t i  on be t w  een 23411 a n d  

238U h a s  been seen ,  a n a  t h i s  i s  t h o u g h t  t o  be caused  by a 

p r e f e r e n t i a l  m i g r a t i o n  of 2 3 4 U  i n  t h e  ( V I )  o x i d a t i o n  s t a t e  ac ross  

t h e  r e d o x  f r o n t  f o l l o w i n s  i t s  i n  s i t u  p r o d u c t i o n  f r o n  238U i n  t h e  

( I V )  o x i d a t i o n  s t a t e  ( C o l l e y  e t  al . ,  1964). The uranium peaks a r e  

somet imes  u s e f u l  i n  c o n f i r m i n s  t h e  p r e s e n c e  a n a  l o c a t i o n  of 

t u r b i c i t e s .  However, u ran ium peaks may n o t  be s e e n  i n  t u r b i d i t e s  

w i t h  low o r g a n i c  c a r b o n  c o n t e n t s  (<0.5%). As can be s e e n  i n  Table 

5, t h e  o r g a n i c  c a r b o n  c o n t e n t  t h r o u g h o u t  GC-1 i s  r e l a t i v e l y  low 

(Dymond a n 6  C o l l i e r ,  1986) .  I n  t h e  case w h e r e  o r g a n i c - p o o r  

t u r b i d i t e s  a r e  d e p o s i t e d ,  t h e  r e d o x  f r o n t  moves downwards t o o  

q u i c k l y  t o  allow t h e  u p t a k e  of uranium from seawater a n d  i t s  

s u b s e q u e n t  enhancement  below t h e  f r o n t .  A l t e r n a t e l y ,  i f  t h e  

o x i d a t i o n  of o r g a n i c  mat ter  i n  t h e  t u r b i d i t e  i s  complete, t h e  

s e d i m e n t s  may appear o rgan ic -poor  when i n  f a c t  t h e y  were o r g a n i c -  

r i c h  a t  t h e  t i m e  of deposition. Unless a l l  material b e i n g  

deposi ted h a s  t h e  same o r g a n i c  f r a c t i o n ,  however,  t h i s  i s  

u n l i k e l y .  Even i n  o n c e  o r g a n i c - r i c h  layers where  o x i d a t i o n  is 
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comple te ,  enough o r g a n i c  carbon shou ld  be p r e s e r v e d  t o  p r e v e n t  

t h e  l a b e l l i n g  of t h e  l a y e r  as  "organic-poor"  ( M u l l e r  a n 6  Suess,  

1979).  The h i g h e s t  o r g a n i c  carbon c o n t e n t s  w e r e  r e c o r d e d  i n  t h e  

same s e c t i o n  of the c o r e  t h a t  t h e  h i g h e s t  uranium a c t i v i t i e s  w e r e  

found,  a t  88 a n a  98 c m  (see Table 5). The uranium a c t i v i t i e s  a t  

t h e s e  d e p t h s ,  a l t h o u g h  s i g n i f i c a n t l y  g r e a t e r  t h a n  s u r r o u n a i n g  

a c i t i v i e s ,  ao n o t  i n d i c a t e  a " p e a k "  of t h e  magni tude  seen i n  most  

o r g a n i c - r i c h  t u r b i d i t e  s e c t i o n s  ( C o l l e y  e t  al., 1984). 

Manganese a n d  i r o n  a re  two o t h e r  e l e m e n t s  t h a t  may become 

m o b i l i z e d  a n d  t r a v e l  across t h e  r.edox f r o n t  (e.g. B o n a t t i  e t  al., 

1971) .  I n  c o n t r a s t  t o  uranium, however,  manganese a n 6  i r o n  become 

e n r i c h e d  i n  t h e  upper o x i d i z e d  zone  ( C o l l e y  and Thompson, 

m a n u s c r i p t ) .  Mn2+ a n a  Fe2+ may d i f f u s e  across  t h e  f r o n t ,  w h e r e  

they  can  be o x i d i z e 6  a n d  p r e c i p i t a t e 6  i n  a narrow depth  i n t e r v a l  

(Wi lson ,  1986). T h i s  p r o e s s  may n o t  d e v e l o p  t o  any g r e a t  e x t e n t  

i f  t u r b i d i t e s  a re  d e p o s i t e d  t o o  f r e q u e n t l y  or p r o d u c t i o n  r a t e s  of 

t h e  e l e m e n t s  i s  t o o  l o w .  From t h e  Kn a n d  Fe p r o f i l e s  for GC-1 

( F i g u r e  5) it  appears t h a t  t o t a l  Fe h a s  n o t  been v e r y  a c t i v e  

d i a g e n e t i c a l l y .  On t h e  o ther  hand, any  d i a g e n e t i c  s i g n a l s  t h a t  

m i g h t  be p r e s e n t  a r e  p r o b a b l y  h i d d e n ,  due t o  t h e  f a c t  t h a t  m u c h  

of t h e  Fe i s  s t r u c t u r a l  a n d  is t h e r e f o r e  n o t  i n v o l v e d  i n  

d i a g e n e t i c  r e a c t i o n s .  The v a r i a t i o n s  o b s e r v e d  a r e  p robab ly  t h e  

resu l t  of v a r i a t i o n s  i n  t h e  d e p o s i t i o n a l  f l u x  over t i m e  or a 

change i n  t h e  sed imen t  composi t ion .  

A l a rge  sp ike  i n  Mn is  e v i d e n t  a t  4 0  cm.  C a r p e n t e r  e t  al. 

(19831, working  on  a core from t h e  Kane Fracture V a l l e y  a t  t h e  

e a s t e r n  e n d  of t h e  NAP, f o u n d  a s i m i l a r  s p i k e  i n  Mn a t  a r o u n d  40  

cm. They conc luded  t h a t  t h i s  f e a t u r e  is d i a g e n e t i c  s i n c e  t h e  h igh  
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s o l i d  p h a s e  Kn v a l u e s  w e r e  measu red  c l o s e  t o  t h e  d e p t h  a t  w h i c h  

Mn b e g i n s  t o  i n c r e a s e  i n  t h e  p o r e  waters. I n  a d d i t i o n  t o  lln, t h e  

s i m i l a r i t y  be tween  t h e  230Th p r o f i l e  f o r  t h e  c o r e  sampled  by 

C a r p e n t e r  a n 6  h i s  c o w o r k e r s  a n a  t h a t  of GC-1 is remarkable. Both 

p r o f i l e s  show low s u r f a c e  a c t i v i t i e s ,  a s  well a s  s i m i l a r l y  spacea 

sections of h i g h e r  a c t i v i t i e s  t h r o u g h o u t  t h e  co res .  C a r p e n t e r  e t  

a l .  (1983)  descr ibed t h e i r  g rey  c l a y  s e q u e n c e  a s  ex tenc i ing  frorit 

50-160 cm.  The g r e y  c l a y  s e q u e n c e s  from GC-1 a re  con ta inec i  i n  

t h a t  same i n t e r v a l .  I t  may be t h a t  t h e  two s i t e s  w h e r e  t h e s e  

c o r e s  were c o l l e c t e d ,  a l t h o u g h  a few hundred  k i l o m e t e r s  away f r m  

e a c h  o t h e r ,  l i e  a l o n g  a ma jo r  d e p o s i t i o n a l  wth f o r  t u r b i d i t e s  

( F i g u r e  1). 

I t  h a s  been  shown t h a t  low e x c e s s  230Th a c t i v i t i e s  a r e  

recorde6 i n  t u r b i d i t e  s e q u e n c e s  (Thomson e t  al., 1984;  C a r p e n t e r  

e t  al . ,  1983) .  Low a c t i v i t i e s  a r e  e x p e c t e d  when a s e d i m e n t  

s e c t i o n  moves, i s  mixed,  a n d  redeposited (Thompson e t  al., 1984) .  

Also ,  s e d i m e n t s  u n d e r l y i n g  a s h a l l o w  water co lumn s u c h  as  t h e  

Hatteras s h e l f  (see d i s c u s s i o n  be low)  s h o u l d  h a v e  lower 

a c t i v i t i e s  t h a n  t h o s e  f o u n a  i n  t h e  deep sea b e c a u s e  i n  s i t u  

p r o d u c t i o n  of 230Th f r o m  i t s  p a r e n t  234U would  be less. Yet i t  

appears ( F i g u r e  4 )  t h a t  bo th  low and  h i g h  excess 230Th a c t i v i t i e s  

a r e  f o u n d  i n  grey c l a y  sequences .  I n  order t o  e x p l a i n  t h i s ,  one  

must  look a t  t h e  s o u r c e  of t h e  turbidi tes . .  

A c c o r d i n g  t o  Tucho lke  (1980) ,  t h e  major sources of t u r b i d i t y  

c u r r e n t s  t o  t h e  NAP a r e  d i s t a l  f l ows  from t h e  Hatteras Canyon a n d  

A b y s s a l  P l a i n  t h a t  e n t e r  t h e  NAP t h r o u g h  t h e  V e m a  Gap (see F i g u r e  

1). T h e r e  a r e  a number of pieces of e v i 6 e n c e  t h a t  s u p p o r t  t h e  

-H42- 



c idea t h a t  t u r b i d i t y  f lows  t r a v e l  i n  a more  or less e a s t e r l y  

d i r e c t i o n  across  t h e  NAP. Duin (1985) mapped t h e  s e d i m e n t  

t h i c k n e s s  above  t h e  s h a l l  owe st h i  gh-am p l i t u d e  sei s m i  c r e f l e c t i o n  

f o r  v a r i o u s  s i t e s  on  t h e  NAP a n a  f o u n d  a g r a d u a l  decrease i n  t h e  

t h i c k n e s s  of t h i s  l a y e r  from t h e  west t o  t h e  ea s t  a n d  n o r t h e a s t .  

K u i j p e r s  (1985), c o n t o u r i n g  t h e  c u m u l a t i v e  t h i c k n e s s  of  s i l t  

i n t e r v a l s  ac ross  t h e  p l a i n ,  f o u n d  t h e  same r e s u l t .  He also f o u n a  

a n  i n c r e a s e  i n  a v e r a g e  g r a i n  s i z e  toward t h e  w e s t e r n  par t  of t h e  

NAP r e g i o n .  

T h e  f a c t  t h a t  bo th  low a n d  h i g h  e x c e s s  230Th a c t i v i t i e s  a r e  

f o u n d  w i t h i n  t u r b i d i t e  s e q u e n c e s  r a i s e s  q u e s t i o n s  a b o u t  t h e  

d e p o s i t i o n a l  source .  T u r b i u i t y  f l o w s  m i g h t  a l s o  o r i g i n a t e  f ron 

t h e  Bahama Banks,  t r a v e l l i n g  t o  t h e  N A P  t h r o u g h  t h e  C a t  Gap, or 

from t h e  S i l v e r  A b y s s a l  P l a i n ,  f l o w i n g  b e t w e e n  t h e  A n t i l l e s  O u t e r  

Ridge  a n d  t h e  Caicos O u t e r  Ridge ( F i g u r e  1). Ander son  e t  al. 

(1983a)  c a l c u l a t e d  h i g h  i n  s i t u  s c a v e n g i n g  r a t e s  

o c e a n  m a r s i n s  r e l a t i v e  t o  t h e  o p e n  ocean. If one  c o n s i d e r s  

h o r i z o n t a l  a d v e c t i o n ,  t h e n  o c e a n  m a r g i n s  c a n  a c t  a s  a s i n k  f o r  

230Th produced i n  t h e  o p e n  ocean. Bacon a n d  R o s h o l t  (1982) ,  

w o r k i n g  o n  t h e B e r m u d a  R i s e ,  f o u n d  t h a t  t h e  r a t e  of  230Th 

a c c u m u l a t i o n  was a p p r o x i m a t e l y  n i n e  t imes  i t s  p r o d u c t i o n  i n  t h e  

water column. If  such  a n  area w i t h  excess i n v e n t o r i e s  w a s  t h e  

source of t u r b i d i t y  f l ows  t o  t h e  NAP, the d e p o s i t i o n  of s e d i m e n t s  

with e l e v a t e d  230Th a c t i v i t i e s  c o u l d  result. 

of 230Th a t  

B o t h  m u l t i p l e  s o u r c e s  a n d  v a r i o u s  l a y e r s  of s e d i m e n t  from 

the s a m e  s o u r c e  c a n  c a u s e  v a r i a t i o n s  i n  t h e  e x c e s s  230Th 

deposited on  the NAP. Deposited s e d i m e n t  tha t  was o r i g i n a l l y  pa r t  

of the upper f e w  c e n t i m e t e r s  of  the s e d i m e n t  co lumn w i l l  c o n t a i n  



r e l a t i v e l y  h igh  e x c e s s  230Th a c t i v i t i e s  w h i l e  d e p o s i t e d  s e d i m e n t  

t h a t  was o r i g i n a l l y  deep i n  t h e  s e d i m e n t  column w i l l  c o n t a i n  

r e l a t i v e l y  low a c t i v i t i e s .  One s h o u l a  a l s o  c o n s i d e r  the 

p o s s i b i l i t y  t h a t  t h e r e  may be smaller t u r b i d i t y  f l o w s  c u t t i n g  

across t h e  NAP from t h e  Bermuda R i s e ,  t h e  A n t i l l e s  O u t e r  Ridge,  

or more  r e g i o n a l  t o p o g r a p h i c  highs.  The NAP h a s  been  f o u n d  t o  be 

a comr; lex  s e a i m e n t a r y  env i ronmen t ,  c o n t a i n i n g  many nar row 

m i s r a t o r y  silt  d i s p e r s a l  p a t h s  ( K u i j y e r s ,  1965) .  I t  h a s  been  

shown  t h a t  cores w i t h i n  a f e w  m i l e s  of e a c h  o t h e r  w i t h  n o  

a p p a r e n t  c h a n s e  i n  e l e v a t i o n  c a n  v a r y  f r o m  p e l a g i c  t o  t u r b i d i t i c  

(de  Lange, 1985) .  Sed imen t  f o c u s s i n g  h a s  a l s o  been  shown t o  be 

common on  t h e  NAP, o c c u r r i n g  e v e r y  f e w  naut ical  miles  on  t h e  

a v e r a g e  (Duin, 1985). The d i s t a l  parts of ma jo r  t u r b i d i t y  

c u r r e n t s  f r o m  t h e  west a l o n g  w i t h  r , i g r a t i o n a l  a n d  l oca l  f l o w s  

h a v e  a p p a r e n t l y  fo rmed  a b r a i d e a  p a t t e r n  of meander ing  d i s p e r s a l  

p a t h s  (Kuijpers  a n d  Duin,  1985).  

X-ray data from GC-1 ( F i g u r e  4)  s u g g e s t  t h e  f r e q u e n t  

d e p o s i t i o n  of r e l a t i v e l y  small a m o u n t s  of t u r b i d i t i c  s e d i m e n t  

r a t h e r  t h a n  l a r g e  i n f r e q u e n t  deposi ts  a s  t h e  color scheme m i g h t  

f i r s t  s u g g e s t .  The l a y e r s  i d e n t i f i e d  i n  F i g u r e  4 a r e  more d e n s e  

t h a n  t h e  s u r r o u n d i n g  material .  I n  a reas  known f o r  t h e  d e p o s i t i o n  

of t u r b i a i t e s ,  t h e s e  h i g h  d e n s i t y  l a y e r s  a re  u s u a l l y  a s s o c i a t e d  

w i t h  t h e  s a n d - s i z e d  f r a c t i o n  l a i d  down a t  t h e  b e g i n n i n g  of  a 

d e p o s i t i o n a l  w e n t  (Freeman,  1985) .  B u t  i f  t h e  o n l y  major 60urce 

of t u r b i d i t e s  t o  t h e  NAP is t h e  Hatteras s h e l f  t h e n  only f i n e -  

g r a i n e d  s e d i m e n t s  w o u l d  r e a c h  t h e  c e n t r a l  NAP. I f ,  on  t h e  o t h e r  

hand, some of the deposits were t h e  r e s u l t  of ~ m a l l e r ,  more 
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recj ional  flows, t h e n  t h e  h igh  d e n s i t i e s  could  be e x p l a i n e d  by 

l a r s e  g r a i n s ,  t h e  r a p i d  compact ion  of l a y e r s  d e p o s i t e d  ove r  a 

r e l a t i v e l y  s h o r t  time scale, or a d i f f e r e n c e  i n  t h e  water c o n t e n t  

of t h e  f lows .  

By l o o k i n g  a t  t h e  r e l a t i o n s h i p  b e t w e e n  v a r i o u s  isotopes,  one 

can g e t  a n  i d e a  of t h e  s t a b i l i t y  of t h e  a r ea  o v e r  v a r i o u s  t ime 

scales. The d a t a  f o r  GC-1 ( T a b l e s  5 and 6) suqaec+ & l b ? , b  anc! 

226Ra a r e  i n  e q u i l i b r i u m  ( w i t h i n  t h e  c o u n t i n g  u n c e r t a i n t y )  

t h roughou t  t h e  l e n g t h  of t h e  core.  S i n c e  t h e s e  i s o t o p e s  s h o u l a  be 

i n  e q u i l i b r i u r i  a f t e r  a b o u t  f i v e  h a l f - l i v e s  of t h e  ciaughter 2lOPb 

( a p p r o x i m a t e l y  100 y), t h i s  f i n d i n g  i s  expec ted .  The f a c t  t h a t  

t h e  i s o t o p e s  a r e  i n  a g r e e m e n t  a d d s  r e l i a b i l i t y  t o  t h e  

r a d i o c h e m i c a l  procedures .  Had t h e  upper few c e n t i m e t e r s  of 

s e d i m e n t  i n  G C - 1  been sampled,  t hey  p robab ly  would have  i n d i c a t e d  

excess 210Pb, as shown i n  t h e  box  co res .  The re  i s  a n  excess of 

2 2 6 ~ e  r e l a t i v e  t o  210Pb a t  4 0  cm.  A s  was p r e v i o u s l y  aiscussea, 

t h i s  i s  t h e  S a m e  deFth a t  which t h e  manganese s p i k e  was l o c a t e d .  

The a t t r a c t i o n  of raaium f o r  manganese o x i d e s  i s  w e l l  known 

(Kadko, 1980) .  226Ra m o b i l i z e d  i n  t h e  s e d i m e n t s  v i a  r e c o i l  

a s s o c i a t e d  w i t h  t h e  decay of i t s  p a r e n t  230Th h a s  a p p a r e n t l y  

p r e c i p i t a t e d  o u t  w i t h  t h e  manganese o x i d e s  on  t h e  o x i d i z e d  s i d e  

of a r e l i c t  r edox  boundary. The d e f i c i e n c y  of 210Pb a t  t h i s  d e p t h  

m u s t  be due t o  t h e  m i s r a t i o n  of 222Rn away from the hln/226Ra 

spike.  

An e x a m i n a t i o n  of 230Th and 226Ra data ( T a b l e s  5 and 6) 

i n d i c a t e s  i n t e rva l s  of b o t h  e q u i l i b r i u m  a n d  d i s e q u i l i b r i u m  fo r  

t h i s  p a r e n t / d a u g h t e r  i s o t o p e  pair. 230Th and 226- a r e  i n  

e q u i l i b r i u m  i n  the 117-119 c m  and  134-136 c m  i n t e r v a l s .  Much of 
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t h e  rest of t h e  core appears t o  be i n  d i s e q u i l i b r i u m  w i t h  respect 

t o  t h e s e  isotopes. D i f f u s i o n  of  226Ra o u t  of t h e  c o r e  c a n  a f f e c t  

t h e  upper  20-30 cm of s e d i m e n t  (Cochran a n d  Kr ishnaswami ,  1980; 

Cochran,  1980) .  The excess i n  226Ra Over 230Th a t  39-41 c m  

p r o b a b l y  r e f l e c t s  t h e  t r a p p i n g  of 2 2 6 R a  by manganese. A t  o t h e r  

d e p t h s ,  t h e  d i s e q u i l i b r i u m  i s  p r o b a b l y  t h e  r e su l t  of v a r i a b l e  

226Ra/230Th r a t i o s  i n  t u r b i d i t i c  s equences .  S i n c e  t h e s e  i s o t o p e s  

s h o u l d  r e a c h  e q u i l i b r i u m  w i t h i n  about f i v e  h a l f - l i v e s  of t h e  

d a u g h t e r  226Ra (8100 y ) r  t h i s  s u g g e s t s  t h a t  much of GC-1 h a s  b e e n  

a f f e c t e d  by t h e  r a p i d  d e p o s i t i o n  of t u r b i d i t e s ,  s e p a r a t e d  by 

poor ly-def  inea  periods of p e l a g i c  s e d i m e n t a t i o n .  T h i s  c o n c l u s i o n  

i s  i n  a g r e e m e n t  w i t h  t h a t  of K u i j p e r s  (1985) ,  who f o u n d  t h a t  

w i t h i n  t h e  s e d i m e n t a r y  sequence ,  s e c t i o n s  of  s t r i c t l y  p e l a g i c  

s e d i m e n t s  were rare. 

G i v e n  t h e  e x t e n t  t o  w h i c h  GC-1 h a s  b e e n  a f f e c t e d  by t h e  

d e p o s i t i o n  of t u r b i d i t e s ,  t h e  a e t e r n i n a t i o n  of a pe las ic  

s e d i m e n t a t i o n  r a t e  i s  i m p o s s i b l e .  Proper use of t h e  230Th method 

r e q u i r e s  t h a t  t h e  s e a i m e n t a t i o n  r a t e  a n a  230Th f l u x  be c o n s t a n t  

w i t h  time, or a t  l e a s t  c h a n g e  i n  a m o n o t o n i c  f a s h i o n ,  a n d  i t  i s  

e v i d e n t  t h a t  t h i s  is n o t  t h e  case a t  t h e  G C - 1  site. From t h e  

r a d i o c h e m i c a l  data, however,  i t  i s  p o s s i b l e  t o  g e t  a n  i d e a  of t h e  

o v e r a l l  s e d i m e n t  a c c u m u l a t i o n  rate. S i n c e  230Th a n a  226Ra are i n  

d i s e q u i l i b r i u m  as d e e p  a s  170  c m ,  it appears t h a t  t h e  e n t i r e  

l e n g t h  of t h e  core m u s t  have been d e p o s i t e d  w i t h i n  t h e  l a s t  

10,000 years. Thus t h e  a v e r a g e  s e d i m e n t  a c c u m u l a t i o n  r a t e  c o u l d  

be as g r e a t  as 10-20 cm/ky. T h i s  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  

of K u i j p e r s  (1985), who mapped s e d i m e n t a t i o n  r a t e  i n d i c e s  o n  t h e  
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N A P  base6 on seismic tiata. He found g e n e r a l l y  h i g h e r  r a t e s  t o  t h e  

n o r t h  a n d  west a n d  lower r a t e s  t o  t h e  s o u t h  a n d  east .  Rates  f o r  

t h e  a r ea  near t h e  GC-1 s i t e  were on t h e  o r d e r  of d e c i m e t e r s / k y .  

F i g u r e  6 p r e s e n t s  a n  e x c e s s  230Th p r o f i l e  f o r  Box Core 32 

(BC32), t a k e n  t o  t h e  SW of GC-1 (see F i g u r e  2 ) .  K u i j p e r s  (1985) 

f o u n d  no e v i a e n c e  of t u r b i d i t e s  d e p o s i t e d  i n  t h i s  box  c o r e  a n a  

t h e  p r o f i l e  d o e s  n o t  s u g g e s t  t h e  p r e s e n c e  of t u r b i d i t e s .  Indeea ,  

226Ra/230Th a c t i v i t y  r a t i o s  i n  BC32 ( T a b l e  2) f o l l o w  a 

p r e d i c t a b l e  p a t t e r n  a n d  i n c r e a s e  t o  about one  by 30  cn .  T h e r e f o r e  

a p e l a g i c  s e d i m e n t a t i o n  r a t e  h a s  been c a l c u l a t e d  f o r  t h i s  c o r e  

a n d  f o u n d  t o  be 0.17 cm/ky. K u i j p e r s  (1985) ,  u s i n g  a c a l c i u m  

carbonate s p i k e  which  h e  i n t e r p r e t e d  as  c o r r e s p o n d i n g  t o  a n  a g e  

of  10,000 y e a r s  BP, ca lcu la te6  a s e d i m e n t a t i o n  r a t e  f o r  BC32 of 

2.5-3.0 cm/ky. The d i f f e r e n c e  be tween  t h i s  r a t e  a n a  t h a t  

c a l c u l a t e d  from t h e  230Th p r o f i l e  may be due t o  K u i j p e r s '  (1985)  

a p p r o x i m a t i o n  of t h e  a g e  c o r r e s p o n d i n s  t o  t h e  G C 0 3  spike. The 

r a t e  c a l c u l a t e d  i n  t h i s  s t u a y  is i n  be t te r  a g r e e m e n t  w i t h  t h e  0.5 

cn/ky r a t e  calculated by Cochran a n o  L i v i n g s t o n  (1984)  f o r  BC02 

from t h e  excess 230Th p r o f i l e .  Al though t h e  r a t e  a t  BC02 i s  

h i g h e r  t h a n  f o r  BC32, BC02 i s  l o c a t e d  t o  t h e  NW o f  BC32 ( F i g u r e  

21, and  s e d i m e n t a t i o n  r a t e s  appear t o  d e c r e a s e  t o  t h e  s o u t h  and  

ea s t  i n  t h i s  r e g i o n  (Duin,  1985) .  

B. R a d i o n u c l i d e  B a l a n c e s  

1. 210Pb B a l a n c e  

a. Water Column Removal 

Nares water  c o l u m n  210Pb a n d  2 2 6 R a  d a t a  a r e  g i v e n  i n T a b l e  8 

a n d  p l o t t e d  i n  F i g u r e  7. A s  w a s  p r e v i o u s l y  s t a t e d ,  t h e  2 2 6 R a  



p r o f i l e  was c a l c u l a t e d  f rom GEOSECS silica d a t a  u s i n g  t h e  metho6 

of  Bacon e t  a l .  (1976). The d e e p  water 226Ra v a l u e s  g e n e r a t e d  

from t h i s  method a g r e e  w e l l  w i t h  t h e  v a l u e s  d e t e r m i n e d  d i r e c t l y  

f rom NAP d e e p  water. Given  t h e  e r r o r s  a s s o c i a t e d  w i t h  t h e  226Ra 

v a l u e s ,  on ly  t h e  NAP 2 2 6 R a  v a l u e  a t  4950 m i s  s i g n i f i c a n t l y  l e s s  

t h a n  i t s  c o r r e s p o n d i n g  v a l u e  g e n e r a t e d  from silica data. Even 

t h i s  d i f ference i s  r e l a t i v e l y  small. The t o t a l  f l u x  of 210Pb 

removed from t h e  w a t e r  column i s  de te rmined  by a d d i n g  t h e  

i i tmosFher i c  f l u x  of 210Pb t o  t h a t  o b t a i n e d  f rom t h e  d e f i c i e n c y  

w i t h  reswct t o  226Ra. T u r e k i a n  e t  a l .  (1983) d e t e r m i n e d  

d e p o s i t i o n a l  f l u x e s  of ' l 0Pb  i n  New Haven, C o n n e c t i c u t  and  

Bermuaz t o  be 22 .1  dprr,/cn2 and 38.4 dprr,/crn2, r e s p e c t i v e l y .  For 

t h e  p u r p o s e s  of t h e s e  c a l c u l a t i o n s ,  a n  i n t e r m e d i a t e  v a l u e  of 30 

dpm/cn2 w i l l  be used. The i n  s i t u  removal  of ' l0Pb is c a l c u l a t e d  

by i n t e g r a t i n g  t h e  d e f i c i e n c y  of 210Pb w i t h  r e s p e c t  t o  226Ra. 

T h i s  f l u x  i s  37.2 dpm/cn2, r e s u l t i n s  i n  a t o t a l  flux of 210Pb 

through t h e  water column of 67.2 dpm/cm2. 

b. Sediment  Trap  F l u x e s  

T h e  a n n u a l  f l u x  of 210Pb m e a s u r e d  i n  a s e d i m e n t  t r a p  a t  4832 

m on t h e  NAP (Cochran a n d  H i r s c h b e r g ,  1985) was 15.8 dpm/cm2. 

T h i s  compares w e l l  w i t h  t h e  15.7 dprn/cm2 c o l l e c t e d  i n  a sed imen t  

t r a p  a t  4000 m on t h e  H a t t e r a s  Abyssa l  P l a i n  (see T a b l e  5,  

Cochran and  Hi r schbe rg ,  1984) a n d  t h e  11.2 dpm/cm2 c o l l e c t e d  by 

Bacon et al. (1985) n e a r  Bermuda a t  3200 m. The 210Pb measured  on 

t h e  NAP amoun t s  t o  o n l y  29% of t h e  210Pb i n p u t  t o  t h i s  depth.  

Earlier i t  was s t a t e d  t h a t  r a d i o n u c l i d e s  can be used  t o  c a l i b r a t e  
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c s e d i m e n t  t raps  b e c a u s e  f r e q u e n t l y  i t  i s  possible  t o  c o n s t r u c t  

e x a c t  g e o c h e m i c a l  b a l a n c e s  f o r  them (Knauer  e t  al., 1979;  Brewer 

e t  al., 1980) .  However, s u c h  c a l c u l a t i o n s  a r e  m e a n i n g l e s s  when 

h o r i z o n t a l  t r a n s p o r t  i s  t h o u g h t  t o  occur. The l a t t e r  process w i l l  

be discussed f u r t h e r  below. 

2. Sediment  I n v e n t o r i e s  

Table  9 p r e s e n t s  s e d i m e n t  i n v e n t o r i e s  f o r  210Pt. o n  t h e  NAP. 

The i n v e n t o r i e s  v a r y  by more t h a n  a f ac to r  of f i v e .  T h i s  i s  n o t  

s u r p r i s i n g ,  c o n s i d e r i n g  t h e  c o m p l e x i t y  of t h e  s e d i m e n t a r y  

e n v i r o n m e n t  i n  t h i s  r e g i o n  a n d  p o s s i b l e  c o r i n g  d i f f i c u l t i e s .  No 

a p p a r e n t  r e l a t i o n s h i p  e x i s t s  be tween  t h e  i n v e n t o r i e s  a n a  t h e  core 

l o c a t i o n s .  D r u f f e l  e t  a l .  (1984), a f t e r  s t u d y i n g  s e v e r a l  cores 

from a s i n g l e  s i t e  i n  t h e  n o r t h  c e n t r a l  P a c i f i c ,  found t h a t  e v e n  

s h o r t - t e r m  t racers  had s i g n i f i c a n t l y  d i f f e r e n t  p r o f i l e s  a n d  

i n v e n t o r i e s  f r o m  core t o  core. Aller a n d  Deblaster (1984) reached 

a s i m i l a r  c o n c l u s i o n  f o l l o w i n s  t h e i r  work  on cores i n  t h e  Panama 

Bas1 n. 

C. H o r i z o n t a l  T r a n s p o r t  

1. 210Pb 

The a v e r a g e  e x c e s s  210Pb s e d i m e n t  i n v e n t o r y  f o r  t h i s  area of 

the NAP is 7.83 dpm/cm2. T h i s  r e p r e s e n t s  o n l y  1 2 %  of t h e  210Pb 

i n p u t  from t h e  o v e r l y i n g  water co lumn a n d  atmosphere. The 

s e d i m e n t  t r ap  collected more 210Pb t h a n  the s e d i m e n t s ,  b u t  b o t h  

f e l l  q u i t e  shor t  i n  r e c o r d i n g  t h e  f l u x  t h r o u g h  t h e  water column. 

An i m p o r t a n t  p o i n t  t o  make w i t h  r e g a r d  t o  these c o m p a r i s o n s  i s  

t h a t  d i f f e r e n t  time scales are  r e p r e s e n t e d  by t h e  d i f f e r e n t  f l u x  
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measurements. Water column removal measurements represent  only 

one point i n  time. Sediment t r a p  f l u x e s  have been  ca l cu la t ed  f r o n  

one y e a r s  worth of sample co l lec t ion .  And sediment i n v e n t o r i e s  

ref lect  a much longer time scale. Interannual  v a r i a t i o n s  not  

recorded i n  the sediment t r a p  f luxes  and any time s c a l e  

v a r i a t i o n s  i n  water column removal f l u x e s  w i l l  introduce 

u n c e r t a i n t i e s  i n  the cons t ruc t ion  of geochemical balances. 

However, since long term water column and sedinent  t r a p  dzta a r e  

unavailable,  t h e  balances a re  constructed w i t h  t h e  l i m i t e d  data  

t h a t  i s  ava i lab le .  

I n  s p i t e  of t h i s  problem, it  appears  t h a t  210Pb i s  releaseci 

t o  so lu t ion  before  i t  reaches the sediments (or deep sed imen t  

t r a p s )  a n d  i s  t r anspor t ed  ho r i zon ta l ly  away from t h e  ocean 

i n t e r i o r  t o  some o ther  l oca t ion ,  most l i k e l y  the con t inen ta l  

margins. Other r e sea rche r s  have recorded s i m i l a r  r e su l t s .  Bacon 

e t  a l .  ( 1 9 7 6 ) ,  f a i l i n g  t o  f i n d  s i g n i f i c a n t  v e r t i c a l  g rad ien t s  i n  

p a r t i c u l a t e  210Pb i n  t h e  deep sea, proposed t h a t  ho r i zon ta l  

t r a n s p o r t  was carrying 210Pb away from the  ocean i n t e r i o r .  

Buesseler e t  a l .  (1985) c o l l e c t e d  excess  210Pb inventory data  

along the U.S. North A t l a n t i c  shelf  and slope. Deep sea 

inv 'entor ies  only recorded 45% of t h e  expected 210Pb f l u x  wh i l e  

shallow water (<2000m) sediments recorded i n v e n t o r i e s  t h a t  were 

g r e a t e r  than expected. Although Buesseler e t  al. d i d  no t  be l i eve  

t h a t  t h e  excess i n v e n t o r i e s  along t h e  North American margin can 

completely account f o r  the deficiencies observed i n  deep sea  

sed imen t s ,  they d i d  s u g g e s t  t h a t  ho r i zon ta l  t r a n s p o r t  is removing 

210Pb away from the deep ocean i n t e r i o r .  Bacon e t  a l .  (1985) 
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c r e c o r d e d  a s e d i m e n t  t r a p  210Pb f l u x  i n  t h e  S a r g a s s o  S e a  t h a t  was 

o n l y  30% of t h a t  w h i c h  was e x p e c t e d  a n d  r e a c h e d  a s imi la r  

c o n c l u s i o n .  Buesseler e t  a l .  (1985)  s u g g e s t e d  t h a t  t h e  e a s t e r n  

m a r g i n  may be a c t i n g  a s  a s i n k  for 210Pb. T h i s  i s  not  

Unreasonab le ,  s i n c e  s e d i m e n t  s u r p l u s e s  i n  ' l0Pb h a v e  b e e n  

r e c o r d e d  a l o n g  t h e  e a s t e r n  P a c i f i c  margins .  I t  a p p e a r s  t h a t  

s t r o n g  u p w e l l i n g  a n d  l a t e r a l  t r a n s p o r t  r e s u l t  i n  a n  i n c r e a s e d  

a d v e c t i v e  s u p p l y  (and t h u s  r e m o v a l )  of 210Pb ( C a r p e n t e r  e t  al., 

1981; C a r p e n t e r  e t  al., 1982) .  Another  possible s i n k  could  be t h e  

M i d - A t l a n t i c  Ridge,  w h e r e  210Pb s e d i m e n t  i n v e n t o r i e s  a r e  a l s o  

g r e a t e r  t h a n  e x p e c t e d  basea on  water co lumn p r o d u c t i o n  (Nozaki e t  

al.8 1 9 7 7 ) .  

I t  i s  t h o u g h t  t h a t  for " O P ~ ,  s c a v e n g i n s  v i a  uptake a t  o c e a n  

b o u n d a r i e s  i s  a t  l e a s t  a s  impor tan t  a r emova l  mechanism a s  

s c a v e n g i n s  by the v e r t i c a l  f l u x  o f  pa r t i c l e s  i n  t h e  ocean  

i n t e r i o r  (Spence r  e t  al., 1981;  Anderson  e t  al., 1983b;  Bacon, 

1984) .  210Pb could.  be p r e f e r e n t i a l l y  s c a v e n s e o  a t  o c e a n  m a r g i n s  

by s e v e r a l  mechanisms,  i n c l u d i n g  1 ) c o - p r e c i p i t a t i o n  w i t h  P:n a n a  

Fe o x i d e s  f o r m i n g  a t  t h e  s e d i m e n t / w a t e r  i n t e r f a c e ,  2 ) r e s u s p e n s i o n  

( p h y s i c a l  or b i o l o g i c a l )  f rom t h e  s e d i m e n t s  r e s u l t i n g  i n  

i n c r e a s e d  adsorp t ive  s u r f  aces, and  3) i n c r e a s e d  s c a v e n g i n g  due  t o  

g r e a t e r  p r i m a r y  p r o d u c t i o n  a n d  h i g h e r  p a r t i c l e  f l u x  (Bacon, 1984;  

Anderson  e t  al., 1983a;  Thomson a n d  TUreklan ,  1976) .  

A t  t h i s  p o i n t  i t  i s  n o t  clear w h i c h  of t h e s e  f a c t o r s ,  or 

o t h e r s ,  is most i m p o r t a n t .  However S p e n c e r  e t  a l .  (1981) 

c a l c u l a t e d  t h e  e x t e n t  t o  wh ich  boundary  r e m o v a l  may be i m p o r t a n t .  

They m o d e l l e d  t h e  d i s s o l v e d  210Pb d i s t r i b u t i o n  i n  t h e  n o r t h  

e q u a t o r i a l  A t l a n t i c  Ocean i n c l u d i n g  a term for boundary  
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scaveng ing .  The r e l a t i v e  i m p o r t a n c e  of s i n k s  i n c l u d e d  i n  t h e  

model was 55% by r a d i o a c t i v e  decay ,  25% by b i o l o g i c a l  up take ,  1 2 %  

by i n  s i t u  a d s o r p t i o n ,  a n a  8 %  by boundary uptake. B o t h  Bacon e t  

al. (1976) a n a  Cochran  e t  al .  (1983)  showed t h a t  t h e  d i s t r i b u t i o n  

of 210Pb/226Ra a c t i v i t y  r a t i o s  away f r o m  o c e a n i c  m a r g i n s  was 

c o n s i s t e n t  w i t h  h o r i z o n t a l  eddy d i f f u s i o n  a n d  boundzry uptake.  

U n f o r t u n a t e l y ,  v e r y  l i t t l e  210Pb i n v e n t o r y  da ta  e x i s t  for 

boundary a reas  s u r r o u n d i n g  t h i s  r e g i o n  of t h e  w e s t e r n  N o r t h  

A t l a n t i c .  I t  is t h e r e f o r e  d i f f i c u l t  t o  d e t e r m i n e  where  t h e  210Pb 

i s  t r a n s p o r t e d  t o  f rom t h e  deep sea a b o v e  t h e  NAP. Ear l ie r  i t  was 

stated!  t h a t  l a r g e  excesses  of 230Th h a d  been f o u n d  o n  t h e  Bermuda 

Rise (Bacon a n d  R o s h o l t ,  1982) .  Al though i t  is true t h a t  t h e  

p a r t i t i o n i n g  be tween  v e r t i c a l  a n d  h o r i z o n t a l  t r a n s p o r t  p a t h w a y s  

w i l l  p r o b a b l y  be d i f f e r e n t  f o r  d i f f e r e n t  e l e m e n t s  (Thomson e t  

al., 19841, t h e  c h e m i c a l  b e h a v i o r  o f  230Th a n a  210Pb i s  s imilar .  

P e r h a p s  t h e  s e d i m e n t s  of t h e  Bermudia R i s e  a l s o  h o l d  excess 

i n v e n t o r i e s  f o r  210Pb. 

2 .  230Th 

.. As 230Th and 210Pb b e h a v e  s i m i l a r l y ,  it is of i n t e r e s t  t o  

c o n s t r u c t  a g e o c h e m i c a l  b a l a n c e  f o r  230Th a s  w e l l  a s  21O~b .  The 

water co lumn p r o d u c t i o n  of 230Th may be c a l c u l a t e d  f r o m  t h e  

uranium c o n t e n t  anti  t h e  2 3 4 ~ / 2 3 8 ~  a c t i v i t y  r a t i o  i n  seawater (3.3 

ug/L a n d  1.14, r e s p e c t i v e l y ) .  The r e s u l t i n g  p r o d u c t i o n  of 230Th 

i s  1367 dpm/cm2 f o r  a water c o l u m n  of 4 8 3 2  rn. A s e d i m e n t  t r a p  a t  

4 8 3 2  m on  t h e  NAP c o l l e c t e d  1 0 9 6  dpm/cm2 of 230Th. T h i s  i s  

s i m i l a r  t o v a l u e s  of 6 5 2  dpm/cm2 c o l l e c t e d  a t  3694  m i n  t h e  
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S a r g a s s o  Sea by Brewer e t  a l .  (1980) and  1291 dpm/cm2 c o l l e c t e d  

a t  5367  m i n  t h e  S a r g a s s o  Sea by S p e n c e r  e t  a l .  ( 1 9 7 8 ) .  

To comF1ete t h e  230Th b a l a n c e  a s e d i m e n t  i n v e n t o r y  m u s t  be 

ca lcu la ted  T h i s  i s  more d i f f i c u l t  f o r  230Th t h a n  f o r  210Pb o n  

t h e  NAP, s i n c e  t h e  deepe r  exces, & - - m  r x o f i l e s  a re  more l i k e l y  

t o  be affected by t u r b i d i t i c  s e d i m e n t a t i o n .  I n  t h e  se r ies  of 

c o r e s  e x a n l i n e c  i n  t h i s  s tudy ,  i t  a p p e a r s  t h a t  o n l y  BC32 c a n  be 

used  t o  ca lcu la te  a sed imen t  i nven to ry .  The e x c e s s  230Th p r o f i l e  

of BC32 ( F i g u r e  6)  shows d e c r e a s i n g  a c t i v i t i e s  a n d  t h e  

226Fa/230Th a c t i v i t y  r a t i o  (Table 2) s t e a d i l y  i n c r e a s e s  t o  abou t  

one by 30 cm. A s e d i m e n t  i n v e n t o r y  was ca lcu la ted  a c c o r d i n g  t o  

-.-In 

t h e  following e q u a t i o n :  

( 9 )  230Thxs i n v e n t o r y  (dpn/cm 2 ) = p S A d A  

where: p= sediment  d r y  b u l k  d e n s i t y ,  h e r e  t a k e n  t o  

be 0.78 g/cm3, f o r  r e a s o n s  e x p l a i n e d  

p r e v i o u s l y  

S = mean sedin;ent  a c c u m u l c t i o n  ra te ,  

d e t e r m i n e 6  fror;, F i g u r e  6 t o  be 0.17 cm/ky 

A, = s u r f a c e  230Thxs a c t i v i t y ,  t a k e n  from 

Table 1 t o  be 1 6 - 6 6  dpn/g 

. A =  230Th decay c o n s t a n t  (9.2 x y - l )  

S u b s t i t u t i n g  t h e  v a l u e s  i n t o  e q u a t i o n  9 g i v e s  a n  i n v e n t o r y  of 240 

dpm/cm2 

The r e s u l t s  i n d i c a t e  t h a t  t h e  s e d i m e n t  t r a p  collected 80% of 

t h e  water column p r o d u c t i o n  t o  4832 m w h i l e  t h e  s e d i m e n t s  o n l y  

r e c e i v e d  15% of t h e  water column p r o d u c t i o n  t o  5800 m (1647 

dpm/cm2). Cochran a n d  H i r s c h b e r g  (1984) c o n s t r u c t e d  a 230Th 

b a l a n c e  f o r  t h e  Hatteras Abyssa l  Plain.  The resu l t s  were s imi la r  
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t o  t h o s e  of t h i s  s t u d y ,  i n  t h a t  t h e  s e d i m e n t  t r a p  c o l l e c t e a  77% 

of t h e  i n p u t  a n d  t h e  s e d i m e n t s  col lectea 13% of  t h e  i n p u t .  

Thomson e t  a l .  (1984)  f o u n d  a s h o r t f a l l  of a p p r o x i m a t e l y  40% i n  

t h e  s e d i m e n t  i n v e n t o r i e s  of  t h r e e  cores  on t h e  NAP. Bacon e t  a l .  

(1985)  r e c o r a e a  a a e f i c i e n c y  i n  s e a i m e n t  t r a p  f l u x e s  a n d  

concluded .  t h a t  o n l y  t w o - t h i r d s  of t h e  230Th p r o d u c t i o n  was 

v e r t i c a l l y  removed f rom t h e  water column. 

As w i t h  210Pb, i t  appears  t h a t  230Th i n  t h e  o c e a n  i n t e r i o r  i s  

s u b j e c t  t o  h o r i z o n t a l  t r a n s p o r t ,  p e r h a p s  i n  a s s o c i a t i o n  w i t h  

par t ic les .  

m x g i n s  (Anderson e t  al., 1 9 8 3 a ) ,  b u t  t h e  d i r e c t i o n  of t r a n s p o r t  

It i s  t h o u g h t  t h a t  t h e  s i n k s  f o r  230Th l i e  a l o n g  Ocear, 

o u t  of t h i s  a rea  i s  u n c l e a r .  DeKaster (1981) found  l a r s e  

a c c u m u l a t i o n s  of 230Th i n  An ta rc t i c  s e d i m e n t s  a n a  h e  a t t r i b u t e d  

them t o  h o r i z o n t a l  t r a n s p o r t  f rom o t h e r  oceans .  C l o s e r  t o  t h e  

NAP, Bacon a n a  R o s h o l t  (1982)  r e c o r a e d  n i n e  t imes t h e  e x p e c t e d  

230Th i n  s e d i r r , e n t s  o n  t h e  Bermuda R i s e .  W h i l e  i t  i s  t r u e  t h a t  

o n l y  one core was used  t o  calculate  a 230Th s e d i m e n t  i n v e n t o r y  

a n a  i t  i s  n o t  c e r t a i n  t h a t  t h i s  c o r e  was u n a f f e c t e i i  by t h e  

d e p o s i t i o n  of t u r b i d i t e s ,  t h e  g a t h e r i n g  e v i d e n c e  s u p p o r t s  t h e  

i d e a  t h a t  230Th is h o r i z o n t a l l y  carr iea  away f rom t h e  ocean 

i n t e r i o r .  
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/--- V. Sunmary and  C o n c l u s i o n s  

The  pu rpose  of t h i s  project h a s  been  t w o f o l d ;  t o  examine  a n d  

c 

describe t h e  h i s t o r y  of s e d i m e n t a t i o n  on  t h e  Nares A b y s s a l  P l a i n  

a n d  t o  c o n s t r u c t  g e o c h e m i c a l  b a l a n c e s  i n  t h i s  r e g i o n  f o r  t h e  

r a d i o n u c l i d e s  210Pb a n d  2 3 0 T h  Towards t h e  f i r s t  end ,  e x t e n s i v e  

r a d i o c h e m i c a l  w o r k  was done on a g r a v i t y  core (GC-1) f r o n  t h e  

cer i t ra l  NAP. The d a t a  r e v e d e d  a complex  s e d i m e n t a r y  sequence. A n  

e xce ss 230Th p r o f i l e  d i d  n o t  show a r e g u l a r  decrease i n  a c t i v i t y  

w i t h  d e p t h ,  but r a t h e r  i n c i c a t e d  z o n e s  of h i g h  a n d  low a c t i v i t y .  

Ev iaence  of t w o  r e l i c t  r e a o x  f r o n t s  e x i s t s .  The f i r s t  occurs a t  

4 0  CIT, i n G C - 1 ,  where a l a r g e  d i a g e n e t i c  s p i k e  i n  s o l i d  p h a s e  

manganese i s  obse rved .  T h e r e  i s  a c o r r e s p o n d i n g  e x c e s s  i n  2 2 6 R a  

a t  t h i s  d e p t h ,  a n c  i t  i s  b e l i e v e 0  t h a t  2 2 6 R a  m o b i l i z e d  i n  t h e  

s e u i m e n t  p r e c i p i t a t e d  ou t  w i t h  t h e  manganese  o x i d e s  t h a t  f ormea 

on t h e  o x i d i z e d  siae of t h e  r e d o x  boundary. The s e c o n d  poss ib l e  

r e d o x  f r o n t  i s  l o c a t e 6  a r o u n d  88  c m  i n  t h e  core,  w h e r e  e l e v a t e d  

uranium a c t i v i t i e s  a n d  o r g a n i c  c a r b o n  c o n c e n t r a t i o n s  ( b u t  no 

anomalous  Mn) e x i s t .  I n  a d d i t i o n  t o  t h e  a b o v e  f i n d i n g s ,  it h a s  

been shown t h a t  230Th a n d  226Ra a r e  i n  d i s e q u i l i b r i u m  f o r  m o s t  of 

t h e  l e n g t h  of GC-1. These  pieces o f  i n f o r m a t i o n ,  t o g e t h e r  w i t h  X- 

r a y  a n d  c o r e  color data ,  s u g g e s t  t h a t  t h e  o b s e r v e d  s e d i m e n t a r y  

sequence  i s  t h e  r e s u l t  of per iods o f  t u r b i d i t i c  d e p o s i t i o n .  T h i s  

c o n c l u s i o n  i s  c o n s i s t e n t  w i t h  t h a t  of Thomson e t  a l .  (1984). I t  

appears t h a t  t h e  e n t i r e  l e n g t h  of GC-1 h a s  b e e n  affected by 

r a p i d l y  d e p o s i t e d  t u r b i d i t e s .  S e d i m e n t  s e q u e n c e s  of s t r i c t l y  

p e l a g i c  o r i g i n  a r e  n o t  e v i d e n t .  The s o u r c e  of t h e s e  t u r b i d i t e s  i s  
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a p p a r e n t l y  t h e  H a t t e r a s  s h e l f ,  w i t h  f lows  e n t e r i n g  t h e  NAP by way 

of t h e  V e m a  Gap ( S h i p l e y ,  1978;  Tucho lke ,  1980)  ( F i g u r e  1). There  

n a y  a l s o  be smaller, more r e g i o n a l  flows a r i s i n g  f r o m  t h e  n o r t h  

o n  t h e  Bermuda  R i s e  or from t h e  s o u t h  o n  t h e  A n t i l l e s  O u t e r  R i d g e  

t h a t  conpl ica te  t h e  s e d i m e n t a r y  p i c t u r e .  

G iven  t h e  e r r a t i c  excess 230Th p r o f i l e  d e t e r m i n e d  for GC-1, 

no m e a n i n s f u l  p e l a g i c  s e d i m e n t a t i o n  r a t e  coulci be c a l c u l a t e d  f ron 

t h i s  core .  The r a d i o c h e m i c a l  da t a  i n d i c a t e  a n  o v e r a l l  s e d i m e n t  

a c c u m u l a t i o n  r a t e  of u p  t o  10-20 cm/ky. Box C o r e  3 2  d i d  n o t  

a F p e a r  to be a f f e c t e d  by t h e  d e p o s i t i o n  of t u r b i d i t e s ,  a n a  a 

p e l a g i c  s e d i m e n t a t i o n  r a t e  of 0.17 cn /ky  was c a l c u l a t e d  f o r  t h i s  

core .  O t h e r  b o x  core d a t a  were used t o  calculate p a r t i c l e  m i x i n 5  

c o e f f i c i e n t s .  C o e f f i c i e n t s  f o r  f i v e  cores  r a n g e d  f r o m  0.01-0.23 
2 c m  / y o  

The second  goal of t h i s  s t u d y ,  t h e  c o n s t r u c t i o n  of 

geochemica l  b a l a n c e s  f o r  210Pb a n d  230Th, compared water column 

remova l ,  s e d i m e n t  t r a p  f l u x e s ,  and  s e d i m e n t  i n v e n t o r i e s .  For 

210Pb, t h e  s e d i m e n t  t r a p  r e c o r d e d  o n l y  29% of t h e  e x p e c t e d  f l u x  

a n d  t h e  s e d i m e n t s  c o l l e c t e d  o n l y  11% of t h e  e x p e c t e d  f l u x .  O the r  

r e s e a r c h e r s  h a v e  recorded s i m i l a r  d e f i c i e n c i e s  (Buesseler e t  al., 

1985;  Bacon e t  al., 1985)  a n d  i t  i s  c o n c l u d e d  t h a t  210Pb i s  b e i n g  

removed from t h e  o c e a n  i n t e r i o r  by h o r i z o n t a l  t r a n s p o r t  a n d  

carried t o  ocean  b o u n d a r i e s ,  where  i t  i s  scavenged  t h r o u g h  co- 

p r e c i p i t a t i o n  w i t h  Mn a n d  Fe o x i d e s ,  r e s u s p e n s i o n ,  a n d  i n c r e a s e d  

par t ic le  f l u x e s  due t o  h i g h e r  p r i m a r y  p r o d u c t i v i t y .  A d e f i c i e n c y  

i n  the e x c e s s  230Th s e d i m e n t  i n v e n t o r y  (15%) was a l s o  recorded, 

which  s u g g e s t s  t h a t  t h i s  isotope i s  a l s o  h o r i z o n t a l l y  t r a n s p o r t e d ;  
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c away froir. the  ocearr i n t e r i o r .  The f a c t  t h a t  t h e  s e d i m e n t  t r a p  

co l l ec ted  8 0 %  of t h e  e x p e c t e d  230Th but only 29% of t h e  e x p e c t e u  

210Pb s u g g e s t s  t h a t  210Pb i s  more e a s i l y  r e t u r n e d  to  s o l u t i o n  

a u r i n 5  i t s  d e s c e n t  through t h e  water  column. 
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Table 3: R a d i o c h e n i c a l  Data f o r  N a r e s  Abyssal P l a i n  
S e d i m e n t s .  Box c o r  e r e s u l t s .  
A c t i v i t i e s  a r e  e x p r e s s e d  i n  dpm/g 
* C o r r e c t e d  to t i m e  of co l l ec t ion  

BC 08: 

0-1 
1-2 
2-3 

BC OS: 

0-1 
1-2 
2-3 

BC 15: 

0-1 
1-2 
2-3 

BC 1E: 

0-1 
1-2 
2-3 

BC 23: 

0-1 
1-2 
2-3 

BC 25: 

0-1 
1-2 
2-3 

23 '3 2 . 8 N, 6 4 '3 0 . 2 I 
15.8+0.7 
5 .4+0.2 
3.9+0.3 

23 '12 .O ' N, 64 '45 -4 ' W 
7.520.3 
5 .O&O .2 
5.520.3 

23 '16.7 ' N, 63 '53.6 ' W 
6.1+0.2 
4.4+0.1 
4.320.3 

22 '41.5 ' N, 63 '27 -3 ' K 

5 .O+O .2 
5 .o+o 01 
4.6L0.3 

23 O01.4 ' N , 64 '13 . 6 ' W 
11.5+0.4 

3 -820.3 
4.920.3 

22'57 - 7 '  N, 64'10.5 ' W 
8 .5+0.4 
4 .7+0.2 
4.620.3 

2.9t0.1 
3.320 .1 
3.320.1 

3.920.1 
3 .Si0 .1 
3 -420 -1 

3.220.1 
3.920.1 
3.520.1 

3.720.1 
4 .o+o .1 
4.0+0.1 

2.7+0.1 
3 0120 01 
3 .3_+0.1 

3 .O+O .1 
3 -0.0 .1 
3.5k0.1 

12.9~0 .7 
2.120.2 
0.620.3 

3 -620.3 
1.520.2 
2.120.3 

2.9k0.2 
0.5+0.1 
0.820.3 

1.320 .2 
1 .o+o .1 
0 .620.3 

8.8k0.4 
1.820.3 
0.520 .3 

5.520.4 
1.720.2 
1.120.3 

Note: The 0-1 and 1-2 cm depth i n t e r v a l  r e s u l t s  a r e  
from Cochran and L i v i n g s t o n  (1984). 
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Table 4 :  Mix ins  C o e f f i c i e n t s  i n  Nares Abyssal P l a i n  Sediments  

J i x i n q  C o e f f i c i e n t  (crn’/y) 

BC08 BC18 BC23 BC25 BC32 

Cochran and  L i v i n g s t o n  ( 1 9 8 4 )  .01 -17 -01 -03  -06 

This s t u d y  -01 .23 - 0 2  -05 .08 
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Table 7:  I ron  and Man5anese Data f o r  Nares Abyssa l  P l a i n  
Sediments. Core GC1: 23°12.0'N, 63'58.5'W 

6 -5-8.5 
19-21 

22.5-24.5 
29-31 
3 9-41 
43-45 
57-59 
61-63 
67-69 
70-72 
74-76 
82-84 
87-69 
97-99 

I) 

I) 

W 

n 

102-104 
117-119 
127 -1 2 9 
131-133 
134-136 
150-152 
154-156 
156-160 
166-168 

Standards 

NBS 
MESS-1 

1372227 
2768255 
1488230 

883218 
4830297 
1202224 

88121 8 
959219 
528211 
495210 
653213 
571211 
766215 
6 51 
6 81 
642 Ave: 656213 
6 53 
655  
718214 
598212 
90 9+18 
937219 
728215 

1020220 
97 922 0 
762215 

1179224 

Ref  . 
V a l  ue 

813216 7 85+97 
508210 513225 

5.732.17 
5.892.18 
4.552.14 
5 -842.18 
4.452.13 
4 .01+*12 
6.372.19 
3 -432.10 
4.1 22.12 
2.592.08 
3.77+.11 
2 . 402. 07 
5.912. 1 8  
3.53 
3.83 
3.60 Ave: 3.61+.11 
3 054 
3.56 
5,592.17 
3.212.10 
5.672.17 
5.512.17 
3.782.11 
4.902.15 
4.6 52  . 1 4  

5.32+.16 
2.552.08 

Ref . 
V a l  ue 

10.27+.31 11.30+1.2 
2.332.07 3,032.17 
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T a b l e  8: 210Pb a n d  226Ra i n  seawater, 
Nares A b y s s a l  P l a i n  

Depth b . 1  210Pb (dpm/lOOkg) 2 2 6 R a  (apm/lOOkg) 

83  4 
1060  
1442 
2550 
3 3 3 1  
4124 
4950 
4994 
5300 
5 4 4 s  
56 8 1  
56 82 
5712 
57 88 

12.221.0 
7 . 9 ~ 1  .O 
7.120.7 
9.222.2 
7 -520.7 
6 .4_+0.6 

6.120.6 
- 
- 
- 

7,620.6  - - 
6.820.5 

- 
1 4 . 5  9k1.4 6 * - 
18.48+1.85* 
18  . 4821 . 8 5* 

17.02+0 . 97** 
18.00+0.97** 

- 

- 

210Pb samples were t a k e n  i n  S e p t e m b e r  1984 
(WV Endeavor  c r u i s e  EK-121) . 
L o c a t i o n :  23'12.0 'h,  63'58.9 'Vi 

226Ra samples were t a k e n  i n  S e p t e m b e r  1 9 8 5  
(R/V Endeavor  cruise EN-137) . Sample ana lyses  were 
done by D. H i r s c h b e r g ,  MSRC, SUNP 

* L o c a t i o n :  23'12.9 I bi, 6 4O7 .7 'w 
** L o c a t i o n :  23°17.8tN, 64°10.1'W 



Table  9 :  210Pb Sediment I n v e n t o r i e s ,  
Central  NAP 

B o x  Core 

f B C  02 

BC 0 8  

B C  09 

BC 15 

B C  1 8  

BC 23 

B C  25 

BC 3 2  

12  012 

6 - 2 4  

3 035 

2 - 2 6  

8.66 

6 - 7 9  

13.65  ----- 
Average: 7 . 83 

Sediment t r a p  (4832  H): 15.80  

Removal from water column: 67 .20  

* Radiochemical a n a l y s i s  was done by Cochran 
and Livingston ( 1 9 8 4 ) .  
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Determination of Transuranic and Thorium Isotopes in Ocean Water: 

in Solution and in Filterable Particles. 

H. D. Livingston 

Woods Hole Oceanographic Institution, Woods Hole, HA 02543, U.S.A. 

and 

J. K. Cochran 

State University of New Pork, Stony Brook, NY 11794, U.S.A. 

A sensitive technique for the measurement of dirsolved 

and particulate actinide concentrations and water coluan 

distributions is described. Pu, Am, and Th isotopes are 

collected using large-volume, wire-mounted electrical pump- 

ing systems. Particles were removed by filtration, and 

actinides by absorption on Hn02-coated filters. 

large volumes processed (up to 4000 litere) result in very 

sensitive and precise concentration measurements after 

analyses of the samples by standard radiochemical and alpha 

spectrometric techniques, 

The very 

Introduction 

Studies of the oceanic distributions of reactive elements have direct 

relevance to the nature of the "scavenging" process which removes such 

rubstances from the oceans. The actinide elements represent a useful 
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group for studies of oceanic scavenging because they span a range of chem- 

ical reactivities, have well characterized source functions and include 

both steady state and transient radionuclide tracers. The former are 

naturally occurring members of the U and Th decay series. The latter are 

the transuranics introduced to the oceans chiefly by the global fallout 

of debris from atmospheric nuclear weapons tests. 

Recent developments of scavenging models, based on radionuclide 

studies, have emphasized the interconnected roles played by large, rapidly 

sinking particles and small, slowly sinking particles on reactive nuclide 

transports and removal (Bacon et al. 1985). Equilibria (or disequilibria) 

and transformations between the various particle types and seawater are 

likely to be critical components to actinide scavenging processes. The 

standing crop of suspended small particles represents the major particu- 

late reservoir in oceanic water masees and is in dynamic equilibrium with 

the dissolved phases and lar6e Sinkin6 particle phases. The large parti- 

cle/small particle interaction is likely to be relatively complex and in- 

volves both particle aggregation and disaggregation. 

For many of the actinides, oceanic concentrations of both particle 

and solution phases are low enough on a volume basis to make their mea- 

surement difficult. To rome extent, this limitation has been overcome by 

the development of highly sensitive analytical techniques such as low 

level alpha spectrometry (on radiochemically purified actinide isolates) 

or mass spectrometry (for plutonium irotopes). In our studies, the low 

concentration limitation has been overcome by the use of sampling tech- 

niques which collect enough actinide bearing material from the various 

phases to permit reliable measurement by 'state of the art' analytical 
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techniques. 

The sampling technique for the small particle and soluble phases uses 

electrically powered, wire-mounted pumps to collect particulate actinides 

on filters and solution phase actinides on Hn02 impregnated absorbers. 

This technique is essentially a modification of the one described by Hann 

et al. (1984) and used in North Pacific transuranic studies by Livingston 

et al. (1986). The critical modification is the use of inert polypro- 

pylene fiber filter cartridges for filtration and as a support for the 

MnO2 absorber phase - instead of the cotton fiber cartridges used in the 

above studies. This change was a consequence of the cotton fiber car- 

tridges having unacceptable blank levels of Th isotopes. As noted by Hann 

et al. (1984). it has not been possible to load preformed Hn02 on polypro- 

pylene fiber filter cartridges. We used an alternative HnO impregna- 

tion technique following Hoore (1976) but somewhat modified (A+ P. Fleer, 

personal communication). This technique involves the bonding to the 

fibers of HnO 

Hethods 

2 

formed by their exposure to a solution of Uno4. 2 

Our actinide scavenging studies have been conducted at two locations 

in the Western North Atlantic. 

Plain at about 23'12'N. 63'59'W; the second is at the Hatteras Abyssal 

Plain at about 32'46'N, 70'50'U. Both of these locations are in the in- 

terior of the North Atlantic Basin and are oceanographic settings fairly 

typical of a mid-gyre, i.e. oligotrophic, with low particle fluxes and 

ruspended particle concentrations. 

The first location is at the Nares Abyssal 

The ruspended particulate and dissolved actinides were sampled using 

electrically powered pumping systems attached to the ship's hydro-wire or 
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trawl-wire. 

as five systems simultaneously at different water depths. 

sion of the pumping system is a modification of a design previously 

reported (Winget et al. , 1982). The modification involves the replacement 

of the previously used Jabsco Products pump with a more reliable Flotec 

pump (Hodel B2, Flotec Inc., Norwalk, California, U.S.A.) which operates 

effectively using substantially less electrical power than the Jabsco 

pump. 

newer version of this pumping system which is smaller, lighter and has 

greater flexibility in designing configurations of filters and absorbers. 

The pumps are manufactured by Oceanic Industries Inc., Honument Beach, 

Hassachusetts, U.S.A. The start and stop controls are controlled by 

pre-set timers mounted in each system. 

These are battery-powered pumps and we have deployed as many 

The older ver- 

Because of the lower power requirements of this pump we designed a 

The filters and Hn02 absorbers are based on lpm filter cartridges 

(AHF Cuno, Hicrowynd I1 cartridge XDPPPP), mounted inside their housings 

as used by Hann and Casso (1984) as prefilters. The sequence of compo- 

nents consists of four units connected in series. 

lects suspended particles. 

adsorb actinides from the filtered water stream. Finally, the stream 

exits through a flow meter which provides a measure of the volume of water 

processed. The efficiency of actinide absorption by the Hn02 absorbers is 

determined from the relative amounts collected on each absorber by the 

method described by Hann et al., (1984). 

iency is derived from the relationship: 

A prefilter first col- 

Two Hn02 impregnated filter cartridges then 

Basically the collection effic- 
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As noted above, blank problems for Th isotopes forced us to use 

polypropylene fiber filter cartridges instead of the cotton fiber type 

used previously when only transuranic nuclides were being measured (Hann 

et al., 1984; Livingston et al., 1986). The technique for impregnating 

the filter cartridge with Hn02 is rather time-consuming because of the 

necessity of removal of an anti-wetting surfactant. 

successive soaking8 in strong detergent and NaOH and HC1 baths (each 

l.OH). Following this treatment the cartridges were washed with dis- 

tilled water and left in a saturated, hot Knn0, solution for 24 hours 

and again thoroughly rinsed with distilled water. 

pumped through the systems at flow-rates generally at the high end of the 

2-7 liters/minute used. Sample sizes collected at these flow-rates ranged 

up to 4000 liters. 

This is achieved by 

At sea, water was 

All samples were analyzed radiochemically by essentially standard 

radiochemical methods. Each cartridge sample was first dried at llO'C 

then ashed at 4SO'C for about 24 hours. The ash was dissolved in about 

200ml of HN03 (8.0H) in the presence of 229Th, 243Am and 242Pu chemical 

yield tracers. Following addition of NaN02 (0.1g per 1-1 solution) to 

oxidise Pu, the solution was passed through an anion exchange resin (2Oml 

column; Biorad AG 1x8, 50-100 mesh). fh and Pu were retained and were 

eluted with HC1 (12H) and HCl/NH,I (l2lf; 0.03H1, respectively. 

through this column and was retained for further purification. 

subsequently purified on a smaller anion exchange column. 

further purified and all actinides electroplated as described by 

Livingston et a1.,(197S) and measured by rlpha spectrometry. 

Am passes 

Th was 

Pu and Am were 
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Results and discussion 

Generally, we found that the HnO absorbers which were used to 2 

collect dissolved actinides were very effective for the Th isotopes and 
241b . 
lanthanide isotope collection but seem to be less effective for elements 

which form stable complex species in seawater. Pu in particular is not 

collected efficiently or predictably (presumably due to its existence in 

complexed, higher oxidation states in seawater) - in contrast with our 
experience in the North Pacific using HnOz loaded cotton fiber filter 

cartridges (Livingston et al., 1986) where high Pu collection efficiencies 

were obtained. In Table 1 we list the collection efficiencies for Th and 

Am absorption during twelve deployments at various depths at the two sites 

where we have made these studies. The collection efficiencies tend to 

co-vary and average about 83%-84% based on all the data we have obtained. 

Given this result it should be theoretically possible to analyze both 

cartridges in combination - since collectively they absorb more than 97% 
of the total dissolved Th or Am concentrations, 

appear feasable and would represent a worthwhile savings in radiochemistry 

effort. 

From other experiences we know that they are equally effective in 

This approach would 

The fractions of the total actinide concentrations in the ocean at 

different depths which were associated with the filtered particulate phase 

are shorn in Table 2, together with the observed range and median of the 

various observations. The total concentration of each actinide was the 

sum of those found in the filtered and particulate phases. 239, 240pu For e 

the total concentration could not be derived by this 

not effectively absorbed by the HnO absorbers. The 2 

method since Pu was 

total concentration 
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was derived from 239*240Pu profiles measured in large volume water samples 

collected at the same locations and times as the in-situ pump deployments. 

The range of values found for all the actinides is quite wide. Soae 

of this variability comes from inclusion of near-surface or near-bottom 

data. The higher suspended particulate concentrations in the euphotic 

zone or benthic boundary layers favor the increased actinide proportions 

in the particle phase. The differences between the median values, on the 

other hand, result from real chemical reactivity differences. For ex- 

ample, the median 241Am particle association of 7 . 5 1  is close to an order 

of magnitude higher than the Pu median value. 230Th and 228Th show sim- 

ilar partition between particulate and dissolved phases. 

value of 16% is possibly significantly greater than the 12.5% value ob- 

The 230Th median 

served for 228Th. On the other hand, 232Th is clearly much more associ- 

ated with water column particles. This difference relates to the very 

different sources of 228Th, 230Th and 232Th in the ocean. The former two, 

produced by radiogenic decay of dissolved radium and uranium, show lower 

particulate association. 232Th is derived from the input of terrigenous 

particles in which much of the Th is in mineral phases which do not become 

involved with absorption/desorption equilibria. 

We have included depth profiles of the total and particle associated 

concentrations of 2r1Am and 230Th in our two study locations. 

intended to demonstrate the high quality of low level actinide data which 

has been obtained using the large volume filtration/chemisorption tech- 

nique. 

actinide scavenging in the northwest Atlantic (Cochran et al., 1 9 8 6 ) .  The 

particulate and total concentrations of 241Am are plotted against depth in 

These are 

The full data set will be published in a forthcoming paper on 
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Figure 1. 

241Am is one tenth that of the total activity scale. 

It should be noted that the concentration scale for particulate 

The corresponding 

230Th data are shown in Figure 2. Here the data from the two sites are 

plotted separately and both particulate and total concentrations are shown 

on the same scale. 

The total concentrations of 241Am and 230Th in these water columns 
3 3 do not exceed 0.4 and 1.0 dpm/m respectively ( 7  and 17 mBq/m 1 .  The par- 

ticulate concentrations range about one order of magnitude lower concen- 

tration. At these concentrations, it would not be possible to have ob- 

tained sufficient analytical sensitivity without the use of the large 

volume in-situ pumping technique. Two features point up the sensitivity 

of this approach. Both are in line with the principle of oceanographic 

consistency referred to by Hoore in a discussion of chemical oceanographic 

data produced by the GEOSECS program (Hoore, 1984). This stated that 

trace constituents followed the patterns of the more abundant constituents 

(such as nutrients). Additionally, trace constituent patterns often char- 

acterize the various water masses in which they are measured. The first 

feature is the uniformity of both particulate and total concentrations of 

241Am and 2301h in deep water. 

and is in the relatively homogeneous North Atlantic Deep Water. The sec- 

This occurs at depths greater than 200On 

ond feature derives from the similarity in the shapes of the particulate 

and total (or, as inferred, dissolved) nuclide depth distributions. This 

is the situation one would expect to see with respect to the partition 

between the dissolved and particulate phases i f  some kind of equilibrium 

eristed between the phases and there was little variation in suspended 

particulate concentrations throughout much of the water column. This 
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latter proviso is generally true of the northwest Atlantic except in sur- 

face or bottom waters where higher particle concentrations are frequently 

present (Brewer et al., 1976). 
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TABLE 1 

Manganese Dioxide Absorber Collection Efficiencies in Field Studies 

Deployment No. Collection Efficiency (’/..) 

Thorium h e r  i c i um 
69 7 1  1 

2 73 83 
3 73 85 

80 76 4 
84 94 5 

6 85 92 
85 72 7 

8 86 92 
9 86 92 
10 87 96 
11 9 1  95 
12 93 97 



TABLE 2 

Fraction (i) of Total Water Actinide Concentration 
in Filterable Particulate Phare 

232Th 
51 
50 
59 

62 

46 
61 
11 
19 
49 
60 

-- 
-- 

-- 

230Th 
40 
16 
24 

13 

16 
25 
12 
11 
13 
19 

31 
13 
38 

6.0 

5.0 

7.6 

- 228Th 
7.9 
9.0 
24 
14 
21 
2.0 
6.0 
7 , O  
7.4 
14 
22 
22 
14 
26 
11 
11 

241h 

25 
9.3 
6.9 
7.7 
3.1 
5.3 
6.5 
7.4 

9.3 

6.1 
5.3 
8.9 
6.0 

- 

11 

11 

15 

239, 240pu 
-- 

0.3 

1.1 
-- 
-- 

1.6 

3.2 
0.4 
0.4 
1.0 
0.6 
1.4 
1.4 
0.9 
1.0 

-- 

11-62l 5-401 2-261 3-2S1 0.3-3.21 
50. 52 162 12,S2 7.52 1.02 

1 - Range; 2 - Hedian 
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APPENDIX I 

NARES T I 1  MOORING RECOVEHY MESSAGE 

J. Simpkins and K. Brooksforce 



Posted: Wed Nov 5, 1986 7:23 PM EST 
From: RV.ENDEAVOR 
To: D. PILLSBURY 
Subj: NARES 3 

Msg: CGIG-2706-6 9 75 

Mooring released at 12:54 3 Nov 86. 
8' seas, 15 knt winds. 

Required 9 hours to recover in 
Could not hear the  releases with the 

Used the PDR as a substitute. 
moderate weather, 
ranging receiver possibly due to poor conditions. 

after 6 months via passthrough and is a total write-off, transmissometer also 
leaked. 1 am soaking the  tape in fresh water and hope it can be read. The 
extra deep transmissometer seems 0.k. 

The releases checked out 0.k. on deck. 4 Aanderaas 0.k RCM at 4800m flooded 

Sending the data tapes home in the current meters. 
Sediment t rap at 1435m stopped on cup 4. Trap at 4785m stopped on cup 3. 

Trap at 4815111 had cup 4 broken. 

Please tell Lolita Suprenant of W.H.O.I. that the ship will dock at Woods 
Regret to inform her that  7 of 

Bahamas port stop cancelled ETA at URI still 16 Nov. 

Hole 15 or 16 Nov prior to the  end of cruise. 
the PCMs were missing due t o  tie-wrap failure. PCM G at 3900m 0.k. 

Regards Jay & Kathryn 
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